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I. MEASUREMENT OF SPARK SPECTRA 
INTRODUCTION 


The spark spectra of chromium and calcium are of considerable 
interest since the solar spectrum contains a great number of lines 
which correspond to those found in the spectra of these metals. 

Wave-lengths of the spark spectra of chromium and calcium have 
been made by Huggins, Thalén, Kirchhoff, Hartley, Adeney, Lockyer, 
and Liveing and Dewar;? but the most recent determinations are 
those of Exner and Haschek,? being a part of their great work on 
the ultra-violet spark spectra of the elements. 

The last observers made all their measuremens from plates taken 
in the first-order spectrum of a 15-foot concave grating. Their 
method of measurement, which was not entirely free from objections, 
was to project an enlarged image of their negatives upon a screen 


1 Dissertation submitted to the Board of University Studies of the Johns Hopkins 
University in conformity with the requirements for the degree of Doctor of Philosophy, 


June, 1907. 
2 Watts, Index of Spectra. 
3 Sitz. der Kais. Akad. der Wiss. in Wien, 1897, and following years. 
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where it fell upon a scale of 5 mm divisions, from which they read off 
the wave-lengths. Considering these two facts it is reasonable to 
expect greater accuracy from measurements made with a carefully 
constructed dividing engine and upon plates taken in the second-order 
spectrum of a 21-foot concave grating, as was the case with the wave- 
lengths between A 2900 and A 5000 given in the following tables. 
For these reasons it was thought desirable to make a more careful 
study of the spectra of these metals. 


THE PRESENT MEASUREMENTS: APPARATUS 


The grating employed in this work was, as mentioned above, a 
214-foot concave Rowland grating with 20,000 lines to the inch, 
mounted as described by Professor Ames in the Philosophical Magazine 
(5), 27, 369, 1889, and being in all respects the same instrument used by 
Professor Rowland in his work on the solar spectrum. For the pur- 
pose of comparison of spectra, the camera carries a shutter consisting 
of a long brass plate, capable of revolution around a horizontal axis 
and having, throughout its length, a horizontal opening of width equal 
to the thickness of the plate; so that when the shutter is in a vertical 
position, the photographic plate is exposed along a strip extending 
over the whole length of the plate and over a width equal to the 
thickness of the shutter. When the shutter is turned horizontally, 
the central strip is covered and the remainder of the plate above and 
below the strip is exposed. The camera-box was fixed rigidly upon 
the track by means of wedges placed under the wheels carrying the 
camera-box. 

The spark was produced by a 110-volt alternating current of about 
30 amperes with a frequency of 60 cycles per second. After being 
stepped up to about 1000 volts, it was passed through a transformer 
known as the “ Rowland coil,’’ which raised the potential sufficiently 
to produce a spark about two centimeters in length. The “ Row- 
land coil” consists of a primary of 8 layers of 150 turns each of No. 12 
insulated wire, and a secondary of 98 layers of 164 turns each of No. 25 
copper wire. The spark terminals were pieces of the metal to be 
studied, turned down at the spark ends to the shape of a blunt lead- 
pencil point. The points would wear down slightly during a long 
exposure, but care was taken to turn them down to the proper shape 
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before each and every exposure. They were given this shape so that 
the spark would keep on the slit throughout an exposure. 

The arc for the comparison spectrum was produced by a r11o-volt 
direct current of about 10 amperes. 

Both the arc and spark lamps were placed (the arc nearer the slit) 
upon a platform which was movable upon two knife-edges in a direc- 
tion parallel to a line drawn through the centers of the slit and grating 
respectively. Stops were placed before and behind the platform at 
such a distance from it, that when it was against one of them the arc 
was in focus, and when it was against the other the spark was in 
focus; that is, in both cases the source of light was in precisely the 
same place at a distance of 130 centimeters from the slit. 

The light was focused upon the slit by means of a quartz condens- 
ing lens which was never disturbed during the exposure on any one 
given plate, so that all exposures would have the grating illuminated 
as near as possible the same. The spark-gap was usually 8 or g mm 
in length and its image on the slit about 6 mm. 

In the secondary circuit, there were several condensers consisting 
of plates of copper foil and glass surrounded with transformer oil. 
The capacity could be varied from 0.0036 to 0.245 microfarad. 

The plates used were Seed’s Orthochromatic, Seed’s No. 27, 
Cramer’s Isochromatic, and Wrattan & Wainwright’s Panchromatic, 
all cut 1} by 19 inches, and were developed with a hydrochinone 
solution according to Jewell’s formula.’ All measurements on plates 
were made with the dividing engine which is fully described by Hum- 
phreys in the Astrophysical Journal, 6, 180, 1897, and also by the 
method described at the same place. 


METHOD OF EXPOSURE 


As stated before, the arc and spark lamps were on a movable 
platform. The spark spectrum was usually taken first; the shutter 
turned, and then the platform, which was independent of the mounting 
of the grating, was carefully slipped back on the knife-edges, thus 
placing the arc in exactly the position previously occupied by the 
spark. 


t Astrophysical Journal, 11, 240, 1900. 
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LINES USED AS STANDARDS 


The standards used were iron lines whose wave-lengths have 
recently been determined by Fabry and Perot, that is, for that part 
of the spectrum extending from A 2373.737 to A6494.994, which 
were the limits of Fabry and Perot’s measurements. For the shorter 
wave-lengths the standards used were lines whose wave-lengths have 
been redetermined by Mr. L. E. Jewell, basing his measurements upon 
the original wave-lengths of Professor Rowland. 


CORRECTIONS 


A calibration curve was drawn for each and every plate with wave- 
lengths as abscissae and the difference between readings and the arc 
standards as ordinates. From these curves the corrections for inter- 
mediate lines were read off. 


TABLES OF WAVE-LENGTHS 


In the tables, ry means that the line is reversed, d that it is doubly 
reversed, and ¢r that it is reversed three times. Rand V indicate that 
the line shades off on the red or violet side respectively. means that 
the line is nebulous; and br that it is broad. 

In making the estimates of relative intensities between the arc and 
spark lines, the iron line 4045.969 was taken as standard. This 
intensity is marked 30 and corresponds approximately to Kayser’s 
mark ro. 
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CALCIUM 
INTENSITY INTENSITY 
Wave-LENGTH Wave-LENGTH | 
ag | Spark | Arc Spark Arc 
2208.82 br ° | 4526.976R | 20r 
2372-197 I | I 4578-564 4 20 
2398 .565 or 4581 .405 5 30 
2994-960 I I 4585 .876 7R 
2997 -338 2 3 4085 .872 1R 30 
2999 .650 I 2 4778-138 2R 3 
3000 .871 | I I 5041 .610 I 2 
3006 .875 2 5188 .859 2 3 
3009 . 194 I I 5260. 393 or ° 
3158 .880 | 5sor,R fe) 5261 .708 | 3r 3 
3179-342 | | 15 5262 .254 3” 3 
3181 .270 | roR | 3 5 264.247 3 
3487-748 | I 2 5265 .563 3” 3 
3602.09 br 1 5270.276 3 
3624.136 | 2 10 5349-450 4r 4 
3631 .004 | 3 8 | 5512.987 47 4 
3644 .410 3r 20 5581 .978 4r 4 
3700.164 50 R,r 10 5588. 780 | or 6 
3730.920 50 R,r 20 5590. 225 3r 3 
K 3933-786 1000 | soo rT 5594-474 | 4r 4 
3948 .go2 or | 8 5598 .598 4r 4 
3957-035 5601 . 287 3° 13 
H 3968. 488 | 5007 | 3007 5602. 765 | 3r 3 
3973-724 | 1V,r | 8 4557-45 8r 8 
4092.86 br, n | ° 2 5967 .560 2r 2 
5094-95 or, n I | 4 6102 .824 9 9 
4098.53 br, wi I 4 6122.218 10” 10 
4132-55 6161. 294 4 4 
g 4226.751 | 6162.176 157 15 
4240.426 ° 2 6163 .757 3 3 
4283.014 20r 50 | 6166.538 4 5 
4289 . 372 20r 50 | 6169 .036 6 6 
4298 .995 20r 30 6169 .565 6 7 
4302.522 507 100 6439 .084 | 8r 8 
G 4307-736 20r 100 6449 .820 6 6 
4318-645 gor | 6455 213 2 
4355 -087 br, m I | 2 6462 .577 | 5 5 
4425 .440 20 dr Vioo | 6471 .665 4 5 
4434-965 20 dr 1007 6493 .784 6 6 
4435 .687 15 dr 50 | 6499 .662 | 4 4 
4454-874 307 | 2007 6572.714 I I 
4456.625 157 20 6717.721 5 5 
4456.625 57 8 
CHROMIUM 
2132.749 2144. 300 ° 
2133-568 ° | 2150.815 ° 
2134-651 2170.777 | ° 
2141. 285 | 2183 .799 


| 
Fe 
‘ 


334 FRANK LAWRENCE COOPER 


CHROMIUM—Continued 


INTENSITY INTENSITY 

Wave-LencTH | 

Spark Arc Spark Arc 
2185.098 | 2306 .940 
2190.895 | ° 2370.278 I 
219g1.710 ° 2310.101 fe) 
2198 .009 ° 2314.729 I 
2198 .698 | ° 2314.729 I 
2203 - 325 ° . 2314.820 I 
2208.788 | ° 2319.150 I 
2211 .897 ° 2319.489 I 
2213.883 ° 2320.200 I 
2217.591 || 2324.985 2 
2218.752 | ° 2330.103 ° 
2219 .700 ° || 2333-551 I 
2226.781 ° 2333-970 ° 
2231 .goo | 2334. 330 
2233.873 |  2334- 508 
2235-97 I | 2334.618 ° 
2237-651 I | 2337.817 ° 
2241 .430 ° 234°.551 
2241 ° 2344645 
2243 - 39° || 2345-407 ° 
2243-740 2365 . 290 2 
2244.213 I 2366 .891 I I 
2244.970 2381 .586 I I 
2247 .809 fo) | 2389 .859 I I 
2248 .000 ° 2394.100 I 
2248. 408 | | 2397-848 I 
2248 .693 ° 2397 .848 I 
2249 .950 2398 .600 ° I 
2250.098 ° | 23909. 745 I 
2251.617 ° 2400. 318 ° | 
2252.140 ° 2404.054 br fe) | 
2256.149 ° 2408 . 764 I 
2256.860 ° 2413.722 ° 
2257.250 ° 2416.471 I | 
2257-002 ° 2419 .490 
2257.896 ° 2419 .986 ro) 
2258.147 I 2420. 206 ° 
2258.250 ° 2425 .292 
2258.750 2425 .745 
2261 .829 2428.448 ° 
2265 .020 ° 2429 .746 
2273.502 | I 2430.204 ° 
2275 .601 ° | 2433-305 I 
2276.560 I | 2435.392 ° 
2277-57 ° | 2438.551 I 
2284.580 I | 2445.178 ° 
2287. 300 ° | 2445.649 ° 
2289 . 309 ° | 2446.148 ° 
2290.755 I | 2446.959 ° 
2295 .640 I |  2449.701 I 
2297.270 I |  2450.020 I 
2300.5 I 2450.443 ° 
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CHROMIUM—Continued 


| 
INTENSITY INTENSITY 

Wave-Lencto Wave-LencTH 

| Spark Arc Spark Arc 
2452.794 ° 2516.000 ° 
2454.140 ° 2516.717 I 2 
2454-545 I 2518.410 2 2 
2455. 302 br ° 2519.646 ° 2 
2456.87 br ° 2520.744 I 
2458 .go2 ° 2522.79 ° 
2459 .051 ° 2523.402 2 
2460.542 ° 2523-746 I 
2460.950 ° 2527-195 ° 2 
2462 .437 ° 2527.516 
2465 .024 ° 2530.057 2 
2465 .728 ° 2530-304 I I 
2465 .865 ° 2531-007 I 
2466 . 334 ° 2531-935 
2466. 4 br I 2534-410 I I 
2469 .222 I 2536.g00 ° 
2469 .605 ° 2537-805 ° 
2470.044 ° 2538 .419 4 
2472.955 I 2539 .046 ° 
2475 .028 ° 2542.880 ° 
2475-770 ° 2543-229 I 
2477.025 ° 2544-410 ° 
2477.852 ° | 2545.287 ° I 
2479 I I 2546.068 ° 
2483.184 I || . 2246.547 | ° 
2483 .903 2 2547-650 br | ° 
2485 .604 ° 2548.146 I 
2486 .413 I 2548 .668 I 
2486.752 ° 2550.127 | ° 
2487 .176 ° 2550.416 ° 
2489 .413 I 2551 .697 2 
2489 .870 ° 2552.001 ° 
2490. 209 ° 2555-647 | 2 
2490.87 br ° I 2557-149 | ° 2 
2492.747 I 2 | 2557-57 — 
2492.990 I 2 |  2558.500 ° 
2493 387 I 2559-924 I 
2496.52 br | ° 2 | 2560.814 ° 2 
2497.04 br | 2561.134 
2497 .983 ° 2561 .951 ° 
2498 .945 I I 2562 .603 ° 
2501 .602 ° 2563.448 I 
2504 .432 ° 2 2563 .696 2 
2505 .937 ° 2564 .864 ° 
2506.185 ° 2566 .447 ° 
2506.49 ° 2566.505 fe) I 
2510. 346 | ° I | 2566.993 
2511.310 | 2567.470 
2512.109 ° I 2567.71 br ° 
2512.518 ° | 2568.704 I I 
2513.817 2 I | 2569.572 ° 
2515.201 2 | 2570.940 ° 
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2572 
2573 


2574: 
.898 
.204 
.029 
2582. 
2583. 
2584. 
2585. 
2585. 
2587.5 
2588. 
2588 
2589. 
2589. 
2590-5 
2590. 
2591. 
2595 - 
2596. 
2601. 
2603. 
2603. 
2604 - 
2605 
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2606. 
2607. 
2608 . 
2608 . 
2608 . 
2610. 
2610.9; 
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2613. 
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2616.: 
2616.5 
2618. 
2619. 
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2626. 
2626. 
2628. 
2631. 
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2633. 
2634. 
.874 br 
2636. 
3637. 
.601 

.248 br 
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2637 
2639 


2640. 
26040. 
518 
.946 
.669 
.612 
2648 . 
2650. 
2652. 
2663. 
26055 - 
2657. 
2658. 
-047 
586 
.890 
2660. 
.485 
.850 
2663. 
.800 
2665. 
2060. 
26068 . 
2668 . 
2670. 
2670. 
-953 
-935 
396 
2675 - 
2676. 
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CHROMIUM—Continued 


WaveE-LENGTH 
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CHROMIUM—Continued 

| 

} INTENSITY INTENSITY 
Wave-LenctH | Wave-LencTH 

Spark Arc | Spark Arc 
2687 .174 3 2733-690 | 
2688 . 394 | ae 2 2734-859 ° 
2689 . 278 | 2 2735 -828 ° 
2689 .g0o8 ° 2737-140 ° I 
2690. 504 ° I 2739 -499 I 2 
2691 .147 10 3 2739-841 ° 
2692 .235 2 2740.172 | 2 I 
2693-615 | 5 2741 .165 I 2 
2694 .800 ° 2742.128 5 2 
2696 .853 I I 2743-704 6 
2697 .594 3 2744. 307 I 
2698 . O15 4 I 2745 .043 2 
2698 . 515 3 3 2745 .486 ° 
2608 . 734 2 3 2746. 263 3 
26098 .g40 3 I 2747-950 ° 
2699 . 496 ° 2749 .023 7 3 
2700.710 ° 2749 .885 I 
2701 I 2750.817 | 10 3 
2701.215 I 2751 .965 10 I 
2701 .788 ° 2752.490 | ° 
2702.115 2762 .903 fe) 3 
2702.670 ° I 2753.286 ° | 
2703 .087 2753-753 
2703 .645 5 I 2754.000 I 
2703-951 1 I 2754. 396 2 
2704 .883 ° I 2755-115 ° I 
2795 -549 ° 2755-340 I I 
2706 .227 ° 2756. 384 2 
2706 .665 ° I 2757-036 I 4 
2708 .go4 4 2757.805 7 3 
2709 .420 4 | 2758.72: ° 
2711 4 2759 -975 3 
2711. 306 ° 2759 3 I 
2712.413 5 2 2759 .825 2 
2715-750 ° 2760.145 I 
2717.096 ° 2760.406 I 
2717.587 2 I 2760.485 I 
2718.210 I 2760.612 I 
2718.485 6 2760.957 
2719-157 ° 2761 .845 ° 3 
2720.178 2 2762.701 10 3 
2720. 365 I 2762 .846 I I 
2720.787 ° 2763 .695 I 
2722.825 4 2 2764 .096 ° 
2723 .688 3 2764 . 395 I 
2724.121 3 2765 .147 ° 
2726. 362 2765 .583 I 
2726.583 ° 5 2765 .700 ° 
2987 .3t7 4 I 2766 .005 I | 
2728.250 ° 2706 .624 15 4 
2729 .829 2767 .353 
2731 .989 ° 5 2767 .692 ° I 
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CHROMIUM—Continued 


INTENSITY INTENSITY 

Wave-LENGcTH WavE-LENGTH 

Spark | Arc Spark Arc 
2768 .253 | 2826.198 ° 
2768 .682 3 2826. 285 I 
2759-451 2826.550 I 
2769 .983 ° 6 2828 .078 
2771-405 I 2828 .go6 fo) 
2772 .032 I 2830 .635 20 I 
2772-477 2832 .592 3 
2773-425 2 2833.586 fe) 
2774-561 2 2834. 307 3 
2779.754 I 2835-707 25 4 
2778.175 3 I 2836.590 I 
2779 -053 ° 2838 .000 I 
2780.415 4 8 2838 .go3 4 I 
2781 .027 I 2839 . 237 
2781 .205 I I 2840.137 7 I 
2782.480 2 2840.566 fe) 
2782 .697 ° 2842.517 ° 
2783-959 2842 .895 ° I 
2784-450 ° 2843-350 4 
2785 .249 ° 2846 .497 2 
2785 .820 7 2846 .796 I 
2786.580 2 2848 .500 I 

| 

2787 .715 3 2849 .456 ° 
2788 .003 ° I 2849 .936 10 4 
2789 .184 | ° | 2850.447 ° 
2789 . 507 3 2850.740 ° 
2792.256 | 10 2851. 485 6 I 
2793-705 | 2852.390 
2795 -643 I | 2852.795 ° 
2798 .803 2 | I 2853. 346 2 
2800. 290 I 285 3.935 
2800 .884 10 I 2854.271 fe) 
2803 .447 2854-713 
2804 .143 2855.141 I 
2808 . 137 I 2855-747 10 3 
2809.42 br ° 2856.413 ° 
2809 .714 ° 2856.856 2 I 
2810.250 br I 2857 .495 2 I 
2811 .000 ° 2858 .065 I 
2811.179 I 2858 .742 I I 
2811.568 ° 2859 .020 3 | 3 
2812.120 IO I 2861 .047 4 3 
2813 .642 | ° | 2862.685 10 3 
2814.353 ° | 2865.214 3 3 
2816.917 2 | 2865.455 I I 
2817 .665 ° | 2865 .803 ° 
2818 .075 2866 .025 I 
2818.183 | 7) I 2866 .842 4 3 
2822.178 4 I 2867 . 239 I I 
2822.527 | to 2 2867 .740 4 
2824 .687 ° 2868 .741 ° 
2825 .649 I 2870.540 4 2 
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CHROMIUM—Continued 
INTENSITY INTENSITY 
Wave-LencTH Wave-LencTH 
Spark Arc | Spark Arc 
2871.559 ° 2911 .275 2 
2871 .737 2 2911 .813 2 
2873.602 2 2 2913.655 ° 
2873-957 I I 2913 .837 I 
2874.625 2915 .345 | I 
2875-135 I 2916.187 ° I 
2876.054 4 2 2921 . 342 2 
2876. 385 2 2921 .933 2 I 
2876.754 2922 .608 
2878 .057 2 2 2923 .600 I 
2878.536 I I 2923.851 2 
2879 . 307 ° 2 2926.279 I 
2880 .987 3 I 2927 .203 4 
2882 .010 3 2928 .271 2 
2885.418 ° 2928 ..455 2 I 
2886 .525 2929 .548 I 
2887. 105 2 2930.932 I 
2887 .875 I 29 32 .800 I 
2888 . 389 2 2933-715 | ° | 
2889 . 297 2 2934-055 I I 
2889 .613 2 2934.380 br | I 
2889 .955 I 2935-255 | 3 I 
2891 .238 3 2937 .027 | I 
2891 .527 ° I 2939.550 I 
2891 .985 I 2940. 340 I 
2892 .890 fe) 2941 .065 | 
2893 .075 I 2942.070 2 I 
2893. 269 ° 2 2945 .832 ° | 
289 3.625 ° 2946 .goo 2 I 
2894 . 378 I 2 2947 -573 ° 
2894-945 ° 2949.57 I I 
2895 .134 ° 2949 .885 ° 
2895 .788 2950. 201 ° 
2896. 520 4 I | 2950.781 
2896 I 2 2951.519 ° 
2897 .357 ° 2952 .060 ° | 
2897 .810 2 2952 .539 ° 
2868 .649 4 I 2953-458 2 I 
2899 . 253 I I | 2953-780 3 
2899 . 590 2 2054.741 
2901 .147 ° 2955-240 
2902.764 ° 2956.705 ° 
2903.010 ° | 2957-706 fe) 
2903.719 ° 2959 .671 
2904 .088 I 2960 .042 fe) 
2904 ..837 fe) I 2961 .832 3 I 
2905 .607 fo) 2 2963.570 fe) 
2906. 275 ° | ° 2966 .147 2 I 
2908 .417 2967 .025 fe) 
2909 . 165 ° 2 |  2967.730 ° 3 
2910.775 I 2968 . 805 ° I 
.005 ° 2 | 2969.77 


| 
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INTENSITY INTENSITY 
Wave-LencTH | Wave-LeNcTH 
| Spark Arc Spark Arc 
2971 .230 | ° 3 3039 .883 ° I 
2972.040 | 10 2 3040. 350 ° 
3 3040 .950 10 3 
79.907 3041 4 
2979 .858 10 2 3042 .945 ° 
2980.915 ° 3 3044 .060 fe) 
2984 .845 ° 3044. 385 ° 
2985 .485 10 I 3047-790 ° 
2986. 106 br I 2 3047 .QI5 ° 
2986 .579 I 3 3050.270 To) ° 
2986 .929 3050.830 ° 
2988. 159 I 3051 .680 ° 
2988 . 733 ° 3 3052.331 ° ° 
2989 . 263 10 I 3053 .826 ° 
2992 .000 2 3053 I 5 
2992 .549 I 3055.526 fe) 
2992 | ° 3056.778 br 
° 2 $057 -95° 
I 3959-445 ° 
2995-212 ° 2 I fe) 
2996 .689 I 2 3061 792 ° fe) 
2998 .g16 2 3063. 460 
2999 .426 | 3063 .965 
3000.150 fe) 3065 .201 ° I 
«203 fe) 2 30607 . 291 I 
good I 3071-712 ° 
3005 . 160 I 2 3072.570 
010.735 73.35 
. $69 | 3073784 
3013.169 ° 2 3077 370 I 
— yo I 3 3°77 -942 I I 
3 3079-490 o 
3015 .049 ° 2 | 3083.790 fe) 
5015. 300 fe) 2 3084 .682 
3015 .620 2 || 3085.521 ° 
3017.691 I 2 | 3088 . 200 I 
3018 .601 ° 2 | 3093 .615 2 
3018 .g19 ° 2 ||  3094.120 
3020.826 2 || 3095 .085 
3021 .876 I 3 3095 .588 ° 
3024.465 I || 3096. 209 2 I 
3028-755 7  3098.228 ° 
3028 .180 2 3103.560 I 
3029 . 261 ° 2 | 3107658 2 
3030.35 I 2 3108 .749 I 
| I 3109 I 
3033 -034 I 3111.010 I 
3034. 304 ° 2 3112.030 ° 
= 034 ° 3113. 725 ° 
3935 - ° 3115 . 205 I 
3037.160 2 3115 I 
170 ° 3116.811 I 
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SPARK SPECTRA OF CHROMIUM AND CALCIUM 341 
CHROMIUM—Continued 
INTENSITY INTENSITY 
Wave-LENGTH Wave-LENCTH 
Spark Arc Spark Arc 

3117-351 ° 3190.005 ° 
3118.200 ° 3194.112 br_ | ° 

3118. 764 | 3 3194-785 ° 
3120.481 15 3 3197 .225 15 3 
3121.151 ° 3198 .153 ° ° 
3121.312 3200.025 ° 

3121 .945 3200.582 ° 

3122.705 2 3201 .435 I 

3125 .109 20 3 3202.700 

3125-579 fo) I 3203 .646 ° 

3128 .819 4 2 3205 .215 I 

3130.687 ° 3208. 106 ° 

3132.169 20 4 3208 .707 I fe) 
3134-420 2 3209 . 297 fe) I 
3135-429 2 3211 .421 ° 
3135 2 3211.571 ° 

3136.822 4 2 3212.560 fe) 

3137-252 3212.905 

3137-620 fe) 3210.610 2 

3135. 321 3217-505 7 2 
3140.041 ° 3219.221 I 

3140. 330 2 3219.71! ° 
3142.860 fe) 3219 .gol ° 

3143-050 3225-504 

3145 .230 I 3229 .324 ° ° 
3145 .880 I 3229 .5600 

3147-350 4 2 3230.006 ° 

3148.550 ° 2 3231.759 ° 

3149 -935 I 3234-155 5 

3150.221 I 3237-840 ° I 
3152.320 2 I 3238. 205 ° 
3154. 205 ° 3235 .035 5 

3155-245 fe) 2 3245 .062 I 
3158.145 I 3249 .0600 ° 

3159 .040 fe) ° 3250.761 | 

3159 .225 3250.940 | 
3160.000 ° 3251.719 ° fe) 
3160.247 ° 3252.002 ° I 
3162.284 fe) 3252.6015 

3163 .796 ° I 3255-500 fe) 

3164. 256 fe) 3257-944 ° I 
3169 .430 I 3258 I 

3172.260 2 3260.110 ° I 
3173-630 fe) 3204.421 2 

3178.860 3266 .440 fe) fe) 
3179 .453 br I ° 32608 .651 ° 

3180.821 fe) 2 3269 . 309 I 

3181 .531 I ° 3269 I 

3183 .428 3 3270. 358 2 

3184.470 ° 271.260 ° 

3186 .880 3273.05 

3188 .145 ° 3274-141 ° 


x 
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342 FRANK LAWRENCE COOPER 
CHROMIUM—Continued 
INTENSITY INTENSITY 
Wave-LencTH ; Wave-LenctH 
Spark Arc Spark Arc 
3276.069 3352.10! I 
3278-931 ° 3353-251 2 
3279 -675 3355 - 285 
3233-193 I 3357-542 3 
3286.o10 I 3358 .649 fe) 2 
3286 . 460 ° 3300.485 20 2 
3288 .160 ° 3301 .965 3 
3291 ..408 ° 3363 .872 I 
3291 .QO5 2 3 304.851 
3295-110 3307 .593 I ° 
3295 .623 4 fe) 3368 .193 20 3 
3298. 482 ° 3308 .891 
3298 .go2 ° 3369 . 202 I 
3301 . 384 ° 3371 .603 
3304-914 3375 - 107 
3307 -220 7 3370 .428 © 
3308-351 3376 .830 
3310.028 ° 3377-472 
3310-865 3 3378 .476 4 ° 
3312-115 2 3379-514 ° 
3312.380 2 3380.961 4R 2 
3313-269 I 3382 .825 10 2 
3314.240 I 3385 .403 fe) 
3314-775 2 3386 .661 
3315-461 3387 .852 
3316.658 ° 3388 .865 ° 
3322 .869 ° 3390.920 ° I 
3323-710 ° 3391.578 4 I 
3324.231 2 fe) 3393-160 4 fe) 
3324-491 3 3393-980 3 
3326.571 ° ° 3394-432 3 2 
3328 .525 2 3395-731 2 
3329 186 fe) fe) 33909 .655 I 
3329 .620 3402 .542 3 
3333-979 3403 .404 
3335-530 | 3405 .407 br 
3330.477 4 I 3408 .gII 20 3 
3337 -087 ° 3410.715 ° 
3338 .062 br ° 3411 .164 
3339 -932 10 2 3412. 350 
3340 .838 3415.588 
3342-110 ° 3410 -435 
3342-717 10 3421. 353 10 3 
3343-425 3421.770 ° 
3344-654 3422 .892 20 3 
3340.154 3424-779 ° 
3346 .860 I I 3426.252 
3347-970 5 I 3427 .230 ° 
3349 -135 3427-745 
3349-519 I fe) 3428 .040 fe) 
3351-745 ° 3430-012 


Wave-LENGTH 


SPARK SPECTRA OF CHROMIUM AND CALCIUM 343 


CHROMIUM—Continued 


INTENSITY INTENSITY 


Wave-LENGcTH 
Spark Arc Spark Arc 


-770 
-149 
.480 
-453 


715 


3° 


5.819 
5.962 
-332 
.878 
3.57 
.241 
.588 


939 


.501 
5.741 
7-149 
. 5607 
-Qol 
. 400 
-999 


3477 - 320 
3478 .201 
3478 .889 
3480 .439 
3451 . 439 
3481 .695 
3482-745 
3483 .050 
3484. 289 
3486 .636 
3488 .578 
3494-077 
3495 .108 
3495 
3495 -079 
3502-445 
3503-508 
3508 . 236 
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3430 
343! 
343! 
3432 | 
3432 | 
3433 | 
3433 
3434-2 
343 
343 
343 ; 
343) 
343 
344 
344 | 
3443 
344 
344 
344 ‘ 
344 
344 
3444 
345 | 
3453-409 
3453-879 
3455-108 
3455 - 330 
3455-735 
3457-78 
3455 . 249 
3459 .428 
3.460.568 
3401 
3462 .869 
3462.720 | 
3404.151 
3464 .978 
3465 .390 
3465 .685 
3460.40 
3407 .132 
| 3467 .845 
34608 .885 
3469 .736 
3470-585 
3471050 
3472.2106 
3472-948 | 
3473 -036 
3473-760 
3474-525 | 
3475-270 


344 FRANK LAWRENCE COOPER 
CHROMIUM—Continued 
INTENSITY INTENSITY 
Wave-LENGcTH Wave-LEencTH 
Spark Are Spark Arc 
3585 .637 2 3686 .926 I I 
3593 -636 20r 307 3087 2 
3594-500 3087 .690 2 I 
3599-535 ° 3088 .572 I 
3601 .806 2 2 3089 .414 ° ° 
3602 .708 ° ° 36089 .667 ° 
3603 10 I 3693.128 fo) 
3605 -479 20 30r 3696 .807 2 
3608 . 547 ° ° 3608 .044 9 
3609 .650 ° I 3711 .496 I 
3610.218 ° I 3713 .946 15 I 
3612.789 ° 3715-164 8 I 
3613.109 2 fe) 3715 -436 8 
3613 .828 fo) 3716.481 I I 
3615 -795 I 3723-373" 3 
3617-450 ° 3727 5 
3619 .599 3730-314 2 2 
3621 .649 fe) 3732 .004 3 2 
3626 .449 3737 -59° 3 
3631-758 gr 3735-435" 7 8 
3032.979 I 2 3743-035 2 2 
3934-997 ° 3743-575 5 2 
3034 .996 fe) 3743-952 9 4 
3636.728 2 3 3744-525 2 
3639 -943 4 4 3747 -320 2 
3641 .597 I 3748 .706 br 4 2 
3641 .970 2 2 3749 .039 To) 4 
3043 - 305 ° 3750.524 br 3 
3644 802 3754-052 8 
3646 3757-238 I I 
3647 485 3757-739 6 4 
3648 .669 I 3758.107 3 2 
i 3040 .137 2 2 3761.748 n 2 
3649 .g20 3716.956n 2 
3050.490 2 3797 .487 
3651 .792 ° 37608. 296 6 5 
36054 .052 I 2 3768 . 799 3 2 
3656.404 I 2 3778 .600 2 
3058 . 316 3783-752 ° 
3662 .978 3788 I 
3663 . 346 I 3789 . 784 I I 
3664 .755 I 3790. 317 I I 
3666 .110 3790.514 2 I 
3666 .781 ° I 3791 .448 4 2 
3668 . 155 3792 .206 4 2 
3676.457 fe) fe) 3793-346 4 2 
3677 .815 I ° 3793-932 4 2 
3677 .965 3R 3794-669 3 
3679 ..170 3797-198 4 2 
3681 .838 fe) ° 3797-757 6 2 
3684 .370 I 3801.25.” 2 
3685 .665 ° I 3804 .878 10 6 


| 


SPARK SPECTRA OF CHROMIUM AND CALCIUM 345 
CHROMIUM—Continued 
INTENSITY INTENSITY 

Wave-LENGTH Wave-LencTH 

Spark Arc Spark Arc 
3806 .898 4 2 3894 .022 10 2 
3807 .983 4 1 3897 .057 9 ° 
3809 .556 2 3902 .107 ° 
3812.321 4 2 3902 .947 2 2 
3814.072n 4 3903 .188 ° I 
3814 .690 4 3 3905 .6638 ° 
3815.500 5 2 3907 . 358 ° 
3816. 232 4 3907 - 787 
3817-914 2 2 3908 . 765 fe) 4 
3818 .529 4 I 3911 
3819 .645 6 I 3914.417 brn ° ° 
3820.520 4 3 3915 . 409 fe) I 
3821.581 re) 3916.040 ° I 
3523 .044 10r 3916. 268 2 
3825 .402 fo) 3917.180 fe) ° 
3826.412 I I 3917-589 8 
3830.052 4 I 3919 .1607 3 7 
3831.162 4 2 3919 .968 4 fe) 
3834.772 3 3921.046 brn ° 4 
38360.102 6 I 3926 .637 I ° 
3541.282 I 2 3928.215 4 
3849 I I 3928 .641 I 
3849 .462 fe) I 3930.128 I 
3849 .631 I I 39037 -608 5 
3849 .g82 I 3938. 397 I 
3852.202 10 2 3041.188 
3852.604n | I 3041-495 3 
3853.222 2 I 3943-518 I 
3854.262 I I 3945-108 I 
3554.862 2 3045 -491 I fe) 
3855. 313 2 ° 3045 -959 12 ° 
3855 .612 3 3948 .858 3 ° 
3856.229 n I ° 3949.66 brn | I ° 
3857 .659 I I 3951.077 
3862 .583 8 3951-775 | ° ° 
3865 .662 I 3952-407 | 10 ° 
3866 . 575 a= 3953-181 | 4 ° 
3868 . 209 8 3958.078 br n | I 
3870. 291 ° 3960.760 I | ° 
3871 .462 I 3963.10 10 
3872 .607 I 3969.145 RV | 30 5 
3874.588 I 3971 .201 I I 
3875-257 8 Isr 3972.689 I ° 
3789 . 186 I I 3976 .608 4 5 
3881.318Hn 9 3078 .668 I 
3881 .811 fe) 3979-519 3 ° 
3883 327 | 3979-795 
3883 .635 | 3081 . 235 7 I 
3885 ..221 | 10 3 3983 .278 10 ° 
3886. 799 i. | 3R 3983 . 331 4 4 
3890.867 | I 3984.145 I 2 
3891 .927 | 4 fe) 3989 .988 I 2 
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; 346 FRANK LAWRENCE COOPER 
CHROMIUM—Continued 
INTENSITY INTENSITY 
Spark Arc Spark Arc 
39091 .192 fe) 4 4098 .484 4 
3991 .699 re) 4099 .122 2 fe) 
3992 .830 I 2 4099 .450 I 
3993-851 fe) I 4099 . S61 I 
3998 .899 fe) | 4101.162 2 
3999 -977 2 fe) 4104 .862 4 
4001 .454 3 I 4100 .423 2 
4002 .549 4 4109 .587 4 fe) 
4003 . 329 4 4111.010 br 8 
4012.490 fe) 4113.259 2 
4014.689 brn 4 4120.640 br 2 
4016.084 4123 .327 4 
4018. 269 I fe) 4121.813 I 
4022.250 2 I 4122.150 3 ° 
4025 .025 4123.400 6 
4025. 368 ° I 4125 .450 2 
4026.184 I 4126.52! fe) 
| 4027 .096 3 I 4126.918 2 2 
4029 .537 2 4127.058 2 ° 
4031 .467 2 4127.27 4 fe) 
4033-199 I ° 4127-588 4 
4037 - 397 I ° 4128. 506 4 
4038.058 4131 .355 6 
4039 .102 I 2 4132.398 I 
4043 .813 I fe) 4142.178 4 
4048 .767 4 2 4142-477 I 
3 4049.2 I 4145.798 fe) 
4049 . 766 I ° 4149 .482 2 
4051.315 I 4151.118 9” 3 
4052 .462 2 4152.755 4 ° 
4054-377 4163.070 2 
4050.077 4153-719 5 2 
4056.812 fe) fo) 4161 .419 1 
| 4058.774 2 2 4163 .666 | I 
4060.615 n I fo) 4165 .524 I 
4064 .738 ° 4169.857 . 4 ° 
4065 .720 I I 4170.220 3 fe) 
4067 .530 fe) I 4171 .702 2 I 
4068 . 403 EY 4172.678 4 
4070.963 4174.821 4 2 
4074.908 n 2 4175 .344 3 
4076.054 3 I 4175 .958 3 ° 
4077 .077 2 ° 4177 .838 2 
4080.413 fe) 4179 .256 7 2 
4081 .723 fe) 4179.418 2 
4082 . 304 br 3 4184 .909 I I 
4084 .153 I 4186. 347 2 
4086 .033 2 4190.038 I I 
4090. 327 3 4191.284 2 2 
4092. 206 I 4191.781 3 
4093 .073 I 4192 .022 5 fe) 


SPARK SPECTRA OF CHROMIUM AND CALCIUM 347 
CHROMIUM—Continued 
INTENSITY INTENSITY 
Wave-LENGTH Wave-LenctTu 
Spark Arc | Spark Arc 

4193 .687 2 I 4284 687 I I 
4194 .857 I 284.866 2 I 
4195 .331 br 2 2 4288 . 456 I I 
$197 .241 3 2 4289.731 RV 30 30 R 
4198 .421 $ 2 4291 .984 2 2 
4200.112 2 2 4293 .5600 2 2 
4203.51 2 2 4295 .g6bo 4 3 

: 4204.209 I I 4297 .048 3 2 
4204-472 3 2 4297 -754 3 3 
4206 .gog Z I 4299.750 2 2 
4208 . 364 2 I 4299 .g66 I I 
4209 .37I 3 2 4300.510 2 2 
4209.714 2 2 4301 .171 2 I 
4211 .360 2 2 4302.791 I 
4212.649 2 2 4305 .4061 2 2 
4213.170 2 4306 .952 br 3 1 
4216. 366 2 2 4312.471 I I 
4217 .507 fe) 2 4317-971 ° I 
4221.584 3 2 4318 .602 | ° 
4222.737 2 2 4319.640 br | 3 2 
4224.530 2 fo) 4320.681 I I 
4224.857 2 4321 .312 I I 
4230.407 I I 4321.681 I I 
4232. 237 I I 4323-572 2 2 
4233-217 2 I | 4325 -132 5 3 
4234-477 I i 4337 -593 11 10 
4238 .954 2 I | 4338 .408 2 | I 
4240.719 2 I 4338 .808 2 j I 
4042. 357 6 I 4339-448 8 5 
4245 . 347 I I 4339-713 7 4 
4248 .727 2 I 4340.128 3 2 
4252.297 I I 4341 .og1 br 2 I 
4252.657N 4 4343 .203 I 2 
4254.352 R I 30 sor 4344.501 10 10 
4255 .506 2 I 4345-121 or I 
4256.157 brn I I 4340.818 2 3 
42061 . 343 3 2 4351-047 6 8 
4261 .526 2 I 4351.761 10 15 
4262 .134 6 I 4353.861 2 I 
4262. 345 2 I 4356.761 2 I 
4263 .137 6 3 4357 -532 2 I, 
4268 . 347 I I 4359-515 6 8 
4268 .487 I I 4363 .098 4 3 
4269 .297 ” 2 4368 . 231 2 I 
4269 .g66 2 I 4369 .861 fe) 
4271 .086 2 2 4371.27: fo) 10 
4273-987 2 2 4373-240 2 3 
4274.805 RV 30 50R 4373-641 2 I 
4275-547 10 4374-162 6 3 
4276 .076 I I 4375-324 3 3 
4280. 403 3 3 4379 .773 3 2 
4283 .017 br 3 4377-540 3 2 
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CHROMIUM—Continued 


WaveE-LENGTH 


INTENSITY 


Spark | Arc 


4378 . 336 
4379-776 
4381.110 
4384 .980 
4387 .494 
4391.760 
4395 -426 
4397 -236 
4399 
4403 - 308 
4403 -497 
4410.299 
4411 .076 
4412.251 
4413-837 
4422.286 
4423 .266 
4424 
4425 .156 
4428 .557 
4429 .g66 
4430.486 
4432 .166 
4433-875 
4442 .266 
4443 .706 
4458 .426 
4459-35! 
4462.776 
4464 .750 
44604 .806 
4495 - 345 
4406.15 
4407 
4473-74 
4475 
4480 . 306 
4481 .456 
4482 .885 
4488 .044 
4489 . 466 
4491 .659 
4491 .542 
4492.311 
4495 - 298 
4496.871 
4498 .745 
4500. 299 
4501 .112 
4501 .788 
4506 .868 
4510.048 
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INTENSITY 
Wave-LENGTH 
Spark 

4511.911 2 
4514.510 
4515-338 
4521.152 ° 
4524.848 fe) 
4520.115 
4526.480 6 
4527 .462 2 
4529 .852 
45.30.6098 I 
4530-742 6 
4532.782 ° 
4535-142 
4535-71! 5 
4539-775 
4540.470 
4540.712 2 
4541 .068 I 
4541.522 2 
4542.517 
4543 -732 
4544-010 2 
4545 
4545-901 4 
4553-902 n 2 
4554-972 ° 
4556.138 
4558 .659 J 20 
4563 .070 fe) 
4564 .160 I 
4505 .518 
4565 .778 
4569 .618 I 
4571.79 2 
4575-110 I 
4578.210 I 
4580.058 2 
4584 .100 I 
4585-13 
4586.220 I 
4588.240 R 15 
4591 .400 4 
4592.060 n 4 
4592 .631 4 
4595.580 I 
4598 .430 I 
4500.109 I 
4600 .762 
4001 .037 
4901 .500 2 
4607.171 br 2 
4613 305 4 
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CHROMIUM—Continued 


INTENSITY | INTENSITY 
Wave-LENGTH ,WAvE-LENGTH 
Spark Arc Spark | Arc 

4613.921 2 2 4729 -695 ° 
4616.126 5 4 4730.728 2 2 
4016.53) I 4737-371 2 2 
46018 .841 | 6 4745 -331 ° 

4919 .532 fe) I 4752.101 } 2 I 
4621 I I 4750.131 4 4 
4621 .949 I 2 4704 .299 I I 
4622.448 2 2r 47606 .647 ° | fe) 
4625 .917 ° I 4767 .869 ° ° 
4626.179 5 4 4789 . 348 3 3 
4628 .458 brn 5 4790. 342 I I 
4632.141 6 4792.522 | 3 } 2 
4633 .093 6 4796.193 | 3 | 2 
4637.173 I I 4801 .043 ° 
4637.759 I I 4803 .430 ° 

4639 .500 ° 1 4807 .545 ° 

4641 .842 3 4812.380 | ° 

4643 .142 3 4816 .280 ° 

4646.169 6 4 4824.140 6 
4646.4098 2 I 4820 . 37 2 | 2 
4640.784 fo) 4836.864 fe) 

4648 .119 1 I 4849 .665 4 

4649 .853 fe) I 4861 .849 I I 
4649 .435 br 3 2r 4864 .250 3 

4651. 283 4 4 4870.816 3 2 
4052 .165 ° 4876. 340 3 

4654.122 6 4 4879 .800 ° 

46054 .734 fe) fe) 4884 .640 fe) ° 
4056.189 ° I 4885 .875 I I 
4661.752n ° 4885 .952 | ° ° 
4063 .314 ° I 4887 .203 3 2 
4663 .830 I 2 4588 .528 ° fe) 
4664 .796 2 3 4901 .532 fe) 
4065 .g07 I 4903.262 ° ° 
4066 .218 I 4906 .774 3 2 
4666 . 486 2 3 4922.281 ° ° 
40609 . 335 I I 4930. 347 I 2 
4076. 281 fe) fe) 4942 .495 fe) I 
46080.489 n fe) Ir 4954 .828 I I 
4089 .371 2 2 4995-787" ° 

4693 .956 I I 5001 . 387 br 4 

4695 .162 fe) 5004. 384 br 4 

4097 .061 I I 5007 .307 brn I 

4698 . 529 4 4 5010.052 ° ° 
4699 .640 5013.291 I ° 
4700.526 I I 5021 .920 I fe) 
4705.451 fe) 5051 .go6 fe) 

4707 .896 3 4 5065 .goo ° 

4708 .027 4 4 5067 .696 ° 

4723.125 ° I 5068 . 307 ° 

4724.413 fe) I 5072 .936 fe) 

4727 .168 ° I 5090.974 ° 
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CHROMIU M—Continued 


INTENSITY INTENSITY 

Wave-LenctH Wave-LENGTH 

Spark Arc Spark Arc 
5110.782 ° 5275-172 
5113-142 ° 5275-758 
§122.133 ° 5276.069 
5123-475 5290.711 4 
5139 .651 I ° 5298 . 204 6 I 
5144 .664 ° 5300. 768 fe) fo) 
5166.271 I I 5328.144 3 
5184.57 ° 5345-816 6 I 
5191 .993 I 5345 . 336 5 I 
5196.45! 5499 -793 5 Ir 
5200.193 fo) 5664.004 n fe) 
5204.518 6 6r 5787 .927 I ° 
5206 .053 6 or 5790.960 2 I 
5208 .434 6 6r 6135.770 I I 
5225 .032 I fe) 6330.107 fe) I 
5237 -331 ° fe) 6362.881 I 2 
5247 .675 2 ° 6597-788 I 
5255-133 ° 6630.051 fe) 
5264.167 5 I 6661 .o10 ° ° 
5265 .725 I ° 
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Il. MEASUREMENTS OF ARC SPECTRA 
INTRODUCTION 


Measurements of the arc spectra of cerium and thorium have been 
made by Watts and by Hagenbach and Konen, but only over a 
limited range of the spectrum. Owing to the purity of some salts 
of these metals which were prepared by Dr. A. C. Neish of Columbia 
University and described by him in a paper entitled “A New Sepa- 
ration of Thorium from Cerium, Lanthanum and Didymium by 
Metanitrobenzoic Acid,” it was thought advisable to measure the 
wave lengths over a more extended region of the spectrum. 


APPARATUS 


The same grating was used as that employed for the spark spectra. 
The dividing engine, to which reference has been made before, was 
constructed by Professor Rowland and was used in his work on the 
solar spectrum. For plates taken in the second spectrum of a 21-foot 
grating, the scale reads approximately to Angstrém units. 


- 
4 
2 
ak 
= 
ee 


ARC SPECTRA OF CERIUM AND THORIUM 351 


The plates used were the same as those used in the work on spark 
spectra. 
CORRECTIONS 


In order to eliminate all lines due to impurities, the spectrum of 
the carbon arc was taken on each plate for comparison. They were 
also compared with the spectra of all elements likely to be associated 
with the substance under examination. This comparison was made 
by direct superposition of the plates. The lines, like those of spark 
spectra, were referred to the iron lines as determined by Fabry and 
Perot, and by Jewell, respectively. A calibration curve was also 


drawn for each plate as was done in case of the plates of spark 
spectra. 
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Wave-Length 


3145- 
3140.5 
3148.5 
3149. 
3151. 
3154. 
3155- 
3164.: 
310606. 
3166.7 
3167. 
31060. : 
3172. 
3170. 
3177: 
8. 
3181. 
3183. 
3184. 
3150. 
3157. 
3188. 
3189. 
3190. 
3194- 
3196. 
31909. 
3201. 
3201.8 
3203 - 
3200. 
3206. 
3207. 
3207. 
3211. 
3212.7 
3216. 
3218. 
3219. 
3221. 
3221. 
3222.5 
3223-5: 
3224- 
3225. 
3226. 
3227. 
3229. 
3229. 
3231. 
3232. 
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3300.7 
3397 
3308.1 
3309 . 29 
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3. 

3. 

33 

3. 

3. 

3. 

3. 

332: 
3325-498 
3320.229 
3327-405 
3327 812 
3328 .069 
3329 .139 
3330-625 
3331-392 
3331-947 
3332-301 
3332 .629 
3333-197 
3333-815 
3334-045 
3334-429 
3334-605 
3336.498 
3330 
3339-659 
3339 -947 
3341 .049 
3342 .043 
3344 
3344 -909 
3345-551 
3346.648 
3348 . 309 
3350-105 
3331-314 
335 

335 

335 

335 

335 

335 

335 


ne 


| 
| 


Inten- 


sity 


On rw COC OOO O00 


352 
= 
2651.125 | 87 | 555 | 
2652.572 | | 301 | 
2660.466 | 85 032 | [Er 
2831.048 | Io 8or | 
2854. | 65 | 859 | 
2854.98 18 275 
2874.258 | 82 | 499 | 
2908.52 | 53 301 | | 35 
87 671 
2964 .921 | | 
2972.812 15 2 298 
2974-700 | 14 .555 
2977-024 | 58 2 649 
2977-565 | 58 
2991 .003 31 .So2 
an 3002.247 | 87 29.965 
3002.863 | 5 115 
3003-655 | +7 | 543 
3008.079 | | 2 D33 
3037-849 | SI 
3052-073 | 76 | 76 
3955 - 345 19 88 
3056.857 | 2 
3063-115 7 | 272.135 
3068.778 | 36 | 272.3890 
3069.776 | | 272.847 | 
3071.238 | 7 | 275.001 
3073-025 | 30 | 279.135 
: 3977-479 | 279.981 
3079.752 | 280.647 
3083.789 | b= | 283.401 
3084.568 | | 28 | 283.840 
3090.503 | pr} 254.350 
3091.431 | 285.349 | 
30906.641 | 286.163 
3007.041 | | 286.501 
3103-501 | | 19 | 287.537 
3107.578 288 . 287 
3109.069 | 42 | | 
3110.403 | 27 | 3290.503 
| | +7 3290.729 
| | 32 3293-751 
3130.441 | 5 7 295.078 
3130.98: | .440 
3132-725 4 337 
3133-461 19 040 
3136.842 | 475 
3137-731 7 141 
3142. 399 250 
3144.708 | | 3303 - 395 
| 


Wave-Length 
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-997 
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.002 
.649 
-247 
-795 
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-430 
-513 
-O79 
- 348 
.846 
3.403 
.758 
385 
-594 
‘957 
-835 
.998 
305 
.923 
. 360 
.Qo2 
319 
.989 
5.102 

.o18 
.108 
-925 
3.255 
.O7I 
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3518. 
3515. 
3517-3 
3518. 
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ne 


nO 


ADAM 


0ON00000 0000 0F 00F OK OK 


| 353 
3356 | || 3469.152 | 5 | 
3357 | | | 3469. | | 
3358 | 3470-288 | 39 | 
3359 | | | 3470-509 | 754 
3359 3472. | | 25 
330 || 3474-37 
3361 | || 3474-93 | 
3364 | 3475-799 | 
3364 3470.483 | || 3518.540 | 
3304 | 3423. 3476.985 | 3519-194 
3395 -997 | | 34 | 3477-554 | asta .853 
3366 .708 | 34 | | || 665 
3308 .544 | 34 3479-147 | | 139 | 
3308 .872 | 34 3479-752 | 039 F 
3368 .9 38 | 34 3480.403 | 347 
3300-352 | 34 3480.519 | | 178 
352 34 3481 .165 | || 815 
338-352 |} 34 | 3481.329 | 743 
3308 047 || 34 | 3482.265 | | 975 
33 34 | 3482.53: | 168 
33 34 | 3484.892 | | 759 
33 34 | 3485-197 | | 161 
33 34 | | 3486.978 | 160 
33 | 34 | 3488.665 | 749 ; 
34 || 3490.287 | 059 
33 || 34 || 3491.805 | 749 | | 
3388 558 | 34 | | 3492.647 | | 750 
33H S40 34 || 3403-250 | 029 
3388. 102 34 3493.859_ | 7590 
3338-493 | 34 3494-708 | 202 
3389-922 | 34 || 3405-157 | | 571 
3389 .802 34 3495.613 | | | 
3390.671 34 | 3496.075 647 | 
3391-758 34 || 3496.478 | 857 
3393-746 | 34 | 3497-401 | | 203 | 
3394-071 || 34 || 3498.759 | | 597 | 
3394-283 | 34 | || 3406.635 | 935 
3305-187 34 || 3500.157 | || 235 
3395 -187 || 34 | 3500.832 | 963 
3395 -565 | 34 | | 3501-604 | | 821 
3306.882 34 | 3501.729 | 072 
3398 .853 34 3501-957 | 447 
115 34 3502.803 | 682 
. 405 | 34 3503-057 748 
3403-749 34 3503-195 978 
3404. 268 | 344 3506. 309 325 
3405 .047 | 34 | 3506 .895 798 
3405 | 344 3507 -485 146 | 
3406. 102 | 34 3508 .108 955 
3406 . 347 | 3508 .615 289 
3408 . 549 34 3508 .848 978 
3412.450 | 34 3509 307 603 
3415-751 | 34 | 3509 -888 -853 
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.865 
-473 
.002 
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.238 
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.487 
.448 
.975 
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.846 
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-579 
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-775 
-497 
-927 
383 
-779 
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).257 
.878 
392 
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.826 
.216 
.167 
.659 
.887 
-947 
. 386 
-759 
-438 
.746 


5-574 


6.241 


OOF OOF HF ROK HF 


3619.410 
3619 .984 
3621 .187 
3622.194 
3622 .446 
3023 .854 
3624.176 
3625 .295 
3628. 290 
3628 .638 
3629 .816 
3630.184 
3630.450 
3031 .232 
3632.136 
3033-414 
3636.086 
3637-534 | 
3637-764 | 
3638.018 
3638 .241 
3639.486 | 
3640.726 | 
3641.157 | 
3642.618 | 
3642 .827 
3643 .464 
3044 . 336 
3045 - 235 
3045-451 
3646 .650 
3646 .869 
3647-531 
3647 -764 
3649 .703 
3650. 137 
3650.910 
3652.1 
3652.292 
36053.111 
3053 .640 
3054.908 
3655 .823 
3659 . 230 
3659 .869 
3660 .037 


3667 
3067 .964 
3068 . 705 
3071 .931 
3672.161 
3672 .799 
3673-050 
3674.001 
3676.127 
3079 .124 
3079-411 
3079.Q11 
3080 .454 
3680.141 
3680 .869 
3081 . 307 
3682 .100 
3087 .810 
3088 . 665 
3639 .174 
3093-457 
3093 .716 
36094.918 
3095 .957 
30096 .097 
3097 -693 
3698 .128 
3608 . 368 
3698 .659 
3699 .g28 
3702.818 
3705 .o16 
3700.859 
3702 .408 
3702 .648 
3709 .g62 
3710.714 
3713-995 
3714.801 
3715-148 | 
3715 469 
3716. 369 
3716.919 
3717-498 
3718.195 
3718.37 


OH 


3660 .637 3722.119 
3661 .711 3722.310 
3662 .859 {| 3722-757 
3663 .699 3723-057 
3664 . 707 3724-647 
3665 . 137 3725 
3666 .o12 3726.969 


+ 


COR 


AMMA & 


O 


+ 


¢. 1 


oe) 


> 
=x 
OO 


> 


I~! 


WWW WW WW WW WW WD W 


= 


.9638 
-421 
-O14 
-920 
-359 


.637 
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35 5 
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| | | 
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732 
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| 421 
350 759 
356 066 
3°7 
356 | 
130 
35 3} 
} 066 
357 | | 
357 399 
3574 
466 
35 / 
55 ‘ 13 
358 S16 
358 || 473 
mR 
358 | 780 
358 | | 206 
358 | | | “97 
358 | Igo 
| 
358 750 
359 | = 
359 | 735 
006 
359 | 
| 130 
3596 | 3 
3597 993 
359! 
360 063 
ag 360 | 533 
| bS . 283 
360 | 
3606 777 
360 
360 | 973 
36.0 } | 516 
361 
361 I | 
361 I | 
3612 I 
361 3 | | I 
361 | | 
| 


ARC SPECTRA OF CERIUM AND THORIUM 355 
CERIUM—Continued 
Wave-Length Wave-Length = Wave-Length Wave-Length 
3781.120 ° 3834-754 3893 .782 ° 3930.810 ° 
3781 .643 2 3835 -732 ° 3894 . 325 ° 3931-097 2 
3782 .527 2 3836 .076 I 3895 2 3931-390 I 
3783 .026 ° 3837 .182 ° 3895 .460 ° 3931 .844 I 
3783-523, | 1 3838 . 257 2 3896 .832 2 3932-148 I 
3786.628 | 3 3838 2 3897 .410 ° 3932 .984 
3787-161 | 0 3843-739 ° 3898 . 392 2 3934-744 ° 
3787-3527 | 3848 .559 2 3898 .692 ° 3935-231 ° 
3788.166 | 3849 525 ° 3898 .969 I 3935 -9°7 
3788 . 467 | 0 3852.110 ° 3899 . 500 ° 3937-124 ° 
3788.763 | 2 3852.305 I 3900.198 ° 3937-014 ° 
3790.857. | 3853.164 2 3901 . 310 ° 3937 -804 ° 
3791.700 | oO 3854.154 2 3901 .644 ° 3938 ..058 2 
3792 .319 I 3854 .275 2 3903. 350 I 3939 .521 ° 
3792-592 ° 3855 . 263 2 3903 .932 3939 .6013 ° 
3793-610 ° 3856. 335 ° 3904 .199 ° 3940. 224 2 
3793-851 | 3856 .629 fe) 3904. 361 I 3940 .607 ° 
3794-700 | 3856 .964 I 3904 .601 3940.945 I 
3795 . 266 1 3857-209 | 3905 . 306 ° 3042 .163 4 
3790.170 ° 3857 .591 3 3906 .g52 I 3942.714 2 
3796.670 | Oo 3857 .840 ° 3907 . 341 I 3943.111 ° 
3797-920 | 3860. 392 3907 .414 I 3943-450 ° 
3799.071 | Oo 3860.799 ° 3908 . 106 ° 3943-917 3 
3800.237. | 3862 .428 I 3908 . 400 I 3944 .876 ° 
3801 .554 4 3866 .785 fe) 3908 ..516 I 3946 .689 
3802.777. | 3868 . I 3909.024 | O 3947-850 | I 
3803.080 | 2 3868 . 464 I 3909.307. | I 3949-377. | 2 
3807.674 | 3870 .863 3909-759 | © 3949 .790 | 
3808.10 | 2 3874-674 I 3909.841 | 0 3950.133 | © 
3809.199 | 1 3875 .017 I 3910.706 ° 3950.812 | ° 
3809 . 461 | ° 3876.104 3911 .314 3951 .642 | ° 
3810.910 | Oo 3876 .857 2 3912.206 3952.205 
3812.211 | I 3878. 352 2 3912.462 2 3952.613 8 
3814 .844 ° 3881 .658 ° 3914 .004 ° 3053-647 | 1 
3815 .777 I 3881 .897 | o 3914 .962 ° 39054.960 | 2 
3817-425 | 1 3882.454 | 1 3015 .534 I 3955-372, | 1 
3818.679 | 0 3883.563 | o 3916.157 2 3055-941 ° 
3819 .009 ° 3883 .967 fe) 3916 .668 ° 3956.012 fe) 
3820.862 I 3884 . 206 ° 3916.912 ° 3956.235 3 
| 3885 .220 ° 3917-255 I 3956 .808 2 
3821.711 | I 3885.72 ° 3917 .639 ° 3957-180 ° 
3823.905 | 1 3885 .978 ° 3918. 278 3 3958 .860 ° 
3824 .407 ° 3887 .164 3919 .812 2 3958 .214 I 
3825.215 | o 3888 . 365 ° 3921 .714 2 3958 .870 2 
3827.155 | o 3888 .984 ° 3923.146 2 3959 .613 I 
3829.346 | 1 3889 . 289 ° 3924.664 I 3959 .846 I 
3829.662 | I 3889 .498 ° 3924.805 ° 3960.412 ° 
3829 .985 I 3890.019 4 3927 .008 fe) 3960.941 2 
3831.078 | I 3890.511 3927 .405 ° 3962 .102 
3832.258 | o 3890.760 ° 3927.580 ° 3963 .414 ° 
3832.720 ° 3891 .005 I 3928 .743 ° 39604.217 ° 
3834.204 3801 .794 3929 .130 ° 3064.522 | 1 
3834.515 | I 3893 . 246 ° 3929 .907 ° 39607 .174 | 2 


F 


350 FRANK LAWRENCE COOPER 
CERIUM—Continued 
3967 . 266 I 4010.186 ° 4061 .418 ° 4095 .840 ° 
3967 .517 4011 .597 ° 4061 . 306 ° 4098 . 160 
3970.074 ° 4012.105 4061 .245 I 4099.10 I 
3970.462 fe) 4012.430 5 4062 .957 2 4099 . 769 fe) 
3970.662 | o 4014.929 2 4063 4100.918 I 
3071 .784 I 4015 .878 4064.818 4101 .787 2 
3972.108 I 4018 .609 ° 4065 .176 ° 4102. 300 ° 
3973-188 | o 4019 .059 4066 .548 4104.459 ° 
| o 4019 . 297 ° 4066 .918 ° 4105.518 I 
3974-247 | o 4019 .485 ° 4067 . 299 I 4106.159 fe) 
3975 -0908 ° 4019 .907 ° 4068 . 487 I 4106.958 2 
39076.738 ° 4020.558 ° 4068 .858 2 4107.406 
3977-529 4022 .299 2 4070.127 4107 .819 fo) 
3977-797 4023. 306 4070.866 ° 4108 .257 fo) 
3978 .668 2 4024.508 4071.128 ° 4108 .748 
3979 -959 fe) 4025.155 I 4072.956 I 4109 . 566 fe) 
3980 .938 I 4025 .gog 4073 .509 2 4110.400 3 
3981 .917 fo) 4027.057 | Oo 4073.859 I 4110.879 I 
3982.218 fe) 4027.676 | o 4074.667 fo) 4111.417 2 
3982 .929 2 4028.700 4075.728 | 2 4111 .960 I 
3983. 109 I 4029. 208 ° 4075.908 | 3 4113.749 I 
3084 2 4029.758 4076. 286 | I 4114.157 ° 
3986.158 ° 4030.227 fe) 4076 .879 4114.928 I 
3086. 417 ° 4030. 396 2 || 4077.465 I 4115 .270 2 
3989-447 | 1 4031 . 339 3 4078 . 337 I 4117.000 I 
39090.128 | 1 4033 .809 ° 4078 .557 3 4117.299 I 
3990.4590 | oO 4037 . 387 fe) 4979 .038 fe) 4117.588 I 
3990.718 ° 4037 .696 I 4079 .319 ° 4118.156 3 
3991.238 | o 4038.258 I 4079 .705 I 4119 .019 I 
3992.157 ° 4039 .808 fe) 4080.456 2 4119.847 | 7 
30902.2907. | 3 4040.777 5 4080.560 2 4120.858 | 2 
3992.906 | I 4041. 289 ° 4081 .258 4121.608 | o 
3993-188 | o 4042.146 4083 .260 2 4123.256 I 
3993 -957 2 4042 .588 4 4083 .535 4123 .523 I 
3994 .605 ° 4043.459 ° 4083 .659 4123.886 
3995-450 fe) 4045 .229 2 4085 2 4124.840 2 
3996 .488 4046.246 3 4086.418 I 4125.458 fe) 
3997-485 | o 4047 .317 I 4087 . 359 I 4125 .787 
3997 - 747 ° 4048 . 35 fe) 4087 .590 fe) 4126.656 | o 
3999 .27 5 4049 .018 ° 4088 . 589 ° 4127.380 | 3 
4000 . 749 ° 4049 .806 ° 4088 .87 I 4127.816 | 1 
4001 .087 ° 4050. 350 4088 .967 OR} 4128.108 | 
4001 ..575 2 4051.419 2 4089 . 788 Oo || 4128.287 | 2 
4001 .776 I 4052 .008 I 4089 .846 4129.160 I 
4002.858 | o 4053.516 2 4090.520 I 4130.739 2 
4002.987 | 4055 .048 2R 4090 .968 I 4131.129 | 2 
4003.198 | o 4055.818 o || 4091.879 ° 4132.358 ° 
4003.789 3 4056 .907 ° 4092.120 | o 4132.556 ° 
4004 .606 | o 4058.258 ° 4092.749 | 0 4133.840 7 
4005.655 | 2 4058.759 4093 . 327 4135-147 2 
4007.598 | 4060.216 ° 4094 .000 I 4135 .996 ° 
4008 .677 | ° 4060. 499 Oo || 4095.165 ° 4136.907 | I 
4009.096 | 4060. 737 4095-467 | | 4137.489 | 2 


Wave-Length 
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4138 


4142 
4142 
4144 
4145 


4149 


.668 
4138. 
-37° 
4139. 
4139. 
4140. 
4140. 
-430° 
.846 
.529 
.018 
4146. 
4148. 
4148. 
.956 
4150. 


107 
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836 
518 
797 
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1609 
9°7 


ARC SPECTRA OF CERIUM AND THORIUM 357 
CERIUM—Continued 
Wave-Length Wave-Length I ay Wave-Length | 


4202 .833 4288 .646 4386. 366 
4203.491 4289 .g15 4386.77 
4204 .730 4292.615 4388 .000 
4205.119 | 4292.796 4390. 286 
4205 .830 | - 4294.797 4391 .666 
4209 . 369 4296 .075 4393-197 
4209 .97I | 4296.366 4394-7890 
4213.040 | 4296.726 4396 .598 
4214.028 | 4299 .364 4398. 786 
| 4215-499 ||} 4300.345 4399 .228 
4217.560 4304. 296 4400.536 
4221.188 4304.740 4400 .867 
4222.618 4305 .147 4405 .487 


4223 .870 4306. 738 4407 . 286 


I 4224.529 | 4408 .849 
4227 .730 4310.748 4410.678 
4228 .260 4311.647 | 4412.036 
4231-729 4315-395 | 4413-197 
4232.020 4317.316 4413 .807 


4416.886 
4418.758 


4232.558 
4233-182 


| 

| 
4320.7360 | 
4324.817 
| 


4234.17! | 4320.837 4419 . 286 
4234.082 | 4330-405 4423-437 
4239 .881 | 4331.786 4423 .662 
4241 .992 | 4332-700 4427.081 


4243 .694 
4243 .626 
4245-917 | 
4246.375 | 
| 


4427-931 
|| 4428.433 
4429.262 
4429 .991 
4437-517 
4439 - 237 


| 4334-571 
4336. 342 
4337-792 
4339 - 330 
4340-577 | 
4342.188 


4246 .687 
4248 .647 


COOP 


HOH OK 


4251 .866 4342.487 4440.886 
4253-345 4343-597 4443-748 
4255-754 | 4345 4444-357 
| o 4250.146 | 4346 .436 4444.718 
4257-100 | 4349-788 4449 . 326 
1 4259-737 | 4352-637 4459-757 
BB. 4261.154 | 4353-408 4455 -666 
2 4263-415 | 4359 4457-812 

| 10 4264 . 386 4300. 186 4400. 231 
| 2 4267 .206 4360.478 4461 .143 
° 4268 . 207 4361 .677 4463 .422 

I 4269 .248 | 4364.066 | 4464.691 

I 4270.186 | 4366.998 4467 .547 

3 4270.735 | 4307.577 4471 .242 

2 || 4271.756 | 4368.236 4472.710 

I 4273-440 | | 4369 .240 4474.740 

I 4275-517 | | 4372-428 | | 4479-359 

2 || 4278.856 | || 4373-836 | || 4483 .908 

| 3 || 4280.145 | | 4375-930 | || 4484.830 
I 4281.017 | 4380.087 | || 4485 .530 
10 4281 .137 | 4381.799 4486 .go9 
2 4285.468 | | 4404-247 


OPO 


| 
4152.076 
4153.165 
4154-457 | 
4155.266 | 
4155-555 | 
4159.048 | 
4160.166 | 
4161.187 | 
4162.671 | 
4163.548 | | 
4165 .229 } 
4166 .677 | 
4166.906 | 
4167.802 | | 
4169 .816 
4172.145 
4174. 287 
4175-245 
4176.056 
4176.715 
4179 .297 
4181.116 
4185 . 345 
4186.578 
4187 .287 
4189 . 166 
4189 .607 
4190.635 
4193 .084 
4193-256 
4193 .855 | 
4194 .897 
4196.216 
4197 .616 
4197-974 
4198 .643 
| 4201 .242 


FRANK LAWRENCE COOPER 


CERIUM—Continued 


| Inten- 


| 
Wave-Length — Wave-Length sity Wave-Length _— | Wave-Length = 
4495-398 | © || 4523-100 4 4551. 338 I 4579-270 I 
4496.247 | © || 4527.35 | 4 4558 .620 o || 4582.519 2 
4497-859 | || 4528.489 4 4560.320 3 || 4591.150 
4500.308 | o || 4532.510 | 1 4560 .908 2 || 4593-948 3 
4506.448 | o 4536.897 | o 4562. 368 7 4606 . 439 2 
4508.109 | oO 4538.902 | 1 4565 .279 ° 4615 .220 I 
4509.198 | I 4539-070 | o 4565 .867 2 4634 .930 I 
4511 .660 ° 4539-749 3 4572-298 | 4 || 4628.178 4 
4515.870 | 4544.968 ° 4572.730 || 4632. 339 I 
4518.029 | o 4548 .880 I 4578.790 1 || 4646.150 ° 
4519.598 ° 4550. 336 
THORIUM 

3503-758 ° 3532-031 ° 3557 -603 I 3600.558 
3503 -909 ° 3534-063 ° 3559-595 3600 

3504-157 ° 3530.115 ° 3560. 109 I 3601 . 206 2 

3505 -653 ° 3537 «245 I 3561 .015 ° 3003 . 372 2 
3507.008 | o 3537-568 ° 3561 .928 ° 3603.518 I 
3508.270 | I 3538 - 349 ° 3503-527 ° 3603. 765 ° 
3509-240 br| 3538.507 3567 ° 3604. 208 fe) 
3510-679 | 3538 -903 ° 3507 . 401 I 3604 .846 ° 
3510.887 | o 3539-425 2 3567 .845 ° 3605 .802 ° 
3511. 286 ° 3539-711 3 3568.115 | 3607 . 536 ° 
3511.760 4 3540.475 ° 3569.765 | o 3608.530 | Oo 
3512 .875 ° 3541-753 3571-723 ° 3609.362 o 
3513-368 ° 3572-531 | 3 3609.608 | 3 
3513 .895 I 542.351 ° 3573-382 | 1 36010. 207 ° 
3514 656 I 3542 .638 3573-069 | © 3610.553 
| 3542.765 ° 3575-443 | 2 3610.947 ° 
2515.847 | o 3544.15 2 3576.559 | Oo 3612.579 I 
3516.463 | 3545-097 3576.682 | 3613 .025 
3516.689 ° 3545 .404 2 3579-460 | I 3613 .946 
3516 .947 ° 3546. 359 ° 3580.371 | 3614.142 ° 
3518 .535 ° 4547-489 3582.148 I 3615 .267 2 
3519 .008 3548 .047 3584. 286 3616 .834 ° 
3519-805 | 1 3548.275 ° 3587.115 I 3617 3 
3520.814 ° 3548 .593 I 3588.375 | o 3618 .525 5 
3521.200 ° 3549 .048 1 3589 . 253 | ° 3619 .863 ° 
3521. 386 I 3549 -479 I 3589 .465 I 3620.521 I 
3522.058 I 3549 .726 ° 3589 .865 | ° 3621.282 | 2 
3523-656 3549 .858 3591.203. | o 3622.476 | o 
3525-758 ° 3550.419 ° 3591.578 ° 3622.549 | oO 
3526.148 | o 3550-893 ° 3592-937 | I 3624.138 ° 
3526.760 | 1 3551.538 3593-992 | 3624.640 | 
3526.858 | 1 3552-003 | oO 3594-247 | © 3625.095 | 3R 
3527 -445 ° 3552-878 ° 3595-448 | © 3625 .790 3 
3528 .967 I 3553-259 I 3595-752 | 3626 .085 I 
3529 .065 I 3553-538 ° 3597.629 | o 3632.765 ° 
3530-435 3555-175 2 3598.247 | 1 3634-358 ° 
3531-590 ° 3555 3509-470 | 3634-725 
3531-754 I 3556 .443 3599 3855 3635 396 
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Wave-Length 


3036. 
3037. 
3638. 
3638. 
3639. 
3041. 
3042.; 
3043 - 
3044. 
3047. 
3047. 
3048. 
3048. 
36049 .: 
3649.8 
3650. 
3051.7 
3052. 
3652. 
3653. 
3054. 
3955. 
3050. 
3050. 
30658. 


3658 
3058 
3059 


3663 


306s. 
3007. 
3068. 
3070. 
3970. 
3672. 
3072. 
3973. 
3973. 
3074. 
3975. 
3675. 
3675. 
3676. 
3977. 


3071 


35° 
809 
206 


.326 
3059.7 
3061.7 
3063 .3 
8 
8 
I 
2 
I 


73 
° 
2 


5 
5 
47 
34 
72 
52 


735 
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3698 
3700. 
3700. 
3700. 
3701. 
3793 - 


3793 


3793 - 
3704 
37°95. 
3700. 
3700. 
37°97 
37°97 - 
3708. 
3711. 
3711. 


3712-7 
3715-7 


3715- 


3716.7 


3717. 
3718. 
3718. 


3719-5 


3720. 
3721. 


3722 


3723- 


3723-7 
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.038 
.652 
5-957 

.126 
-903 
.259 
.649 
.768 
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3724- 


3725:! 


3726. 


3727 


3727: 
3728. 
3730. 
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| 
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3774- 
3776. 
3781. 
3781. 
3783. 
3783. 
3785 
3785. 
3787. 
3788. 
3789. 
3790. 
3791. 


3792-5 
3794.-: 


3794 
3794. 


3796.8 
3800. : 


3803. 
3805. 
3808 . 
3808 . 
3809 . 
3811. 
3813. 


3821.: 


3823. 
3823. 
3827. 


3828.5: 
3829.5 


3833. 
3830. 
3838. 


3839.8 


3842. 
3854. 


348 
425 
162 
513 
175 
447 


. 486 


793 
o2!I 
488 


255 
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- nten-| 
80 368 | 875 | | 
or 368 || 53 | | 
57 || 368 | [S00 | 
79 368 | 
96 | 368 428 
41 | 368 | 
75 | 308 o48 | | 
369 3730-532 | | 
73 | | 369 3730-905 | | . 
84 | | 369 3731-505 | | 
86 | | 3691.560 3734-728 | | 
87 | 3691.782 3737-045 | 48 | 
35 3092 .044 3738 .847 | 443 
78 | 3692.233 | 3741.00! | | 
65 | | 3092.714 3741 - 343 79 | 
| 3093 .841 | 3742-407 | 477 | 
05 | 36094 .007 | 3743-054 850 
17 | 3694 . 489 3743.641 8 
7 | 3694.4 3743-6 | 3 
84 | 3695 .472 | 3744-870 05 | 
| 3606.153 | 3745-753 | 224 
13 3696.807 | 3740.105 969 | 
‘S| | 3697-172 3747-693 | 46 
3698.253 | 3750.648 | 280 | 
| 440 | 3751-247 | 984 | 
| O17 || 3752-728 | | 
| 484 || 3753-387 | 187 
|| 3754-182 | 
| 153 | || 3754-740 | 
020 || 3755-336 | 705 
|| 3756.007 | 68 
| 950 || 3756.438 | 
192 3757-829 | BS 
| | 007 || 3758-612 | 203 | 
ISI |, 3758.888 648 | 
| 932 | 3759-443 | 006 
| 147 | 3750-551 || | 
606 i| 3760.448 | 115 
go7 | | 3701 .235 687 | 
4603 3761 .647 || 3856.513 | 
769 3762 .473 3873-965 
15 | 3763-035 | 3874-980 
|| 3763-430 3875. 389 
|| 3765-354 3884.963 
965 || 3666.241 3885 .897 
765 || 3768.565 | 3887.143 
|| 3769.750 3891-205 | 
3078 ..163 404 || 3770-208 ‘| 3891 .896 
3678. 591 || 3771-514 3892.455 
3679 .275 || 3772-358 3803-247 
3679 . 348 M440 | 3772-803 3893-568 
3680 .623 | 3773-901 3804-573 
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THORIUM—Continued 


Inten- | Inten- 
Wave-Length | “Sity | Wave-Length | 


3895. 
3895. 
3808. 
3900. 
3900. 
3901 
3901 
3901 
3903. 
3904 
3905. 
3906 
3911 
3912 
3912 
3913: 
3913 
3915 
3916. 
3916. 
3917 
3918. 
3918 
3918 
3919. 
3922 
3922 
3923 
3925 - 


3925 


3926. 


3927 


3927 
3929. 
3932. 


3932 -; 


3933: 


3935-7 


3937- 
3938. 


3938.8 
39041 


3942. 
3942. 


3943-5 


3943 - 
3945: 
3945 - 
3946. 
3947 - 
3948. 
3949 - 


3950-5 


054 
549 
614 
268 
716 


.027 
. 2809 


252 


.236 


237 


.948 
.136 
.OgO 
.438 


1$7 


.965 
- 365 


534 
879 


186 


.402 


621 
143 


35° 
-756 
-939 


OOOH OO OHO 


4080 .860 
4081 . 537 
4082. 429 
408 3.605 
4085 .178 
4085 .576 


3990.646 
3991 .9o3 
3992 .447 
30904.701 
3990.212 
3998 .015 


3951 .673 I 4025.752 | oO 
3952 .909 ° 4026.259 | 
3955-301 | I 4027.138 | o 
3956 .003 I 4028.785 | o 
3950.743 | 1 4029.086 | 1 
3956.832 | I 4030.137 | Oo 
3959-439 | oO 4030.985 fe) 
3960. 4383 4032.085 I 
3962 .548 ° 4032.263 I 
3993 -355 4034-407 
3963 .610 4035.042 | O 
3965 .008 ° 4036.175 | 1 
3967 .547 I 4036.702 | I 
3969 .153 fe) 4040.021 fe) 
3972.286 ° 4041.359 | O 
39072.794 ° 4043.276 | o 
3973-379 4943-573 | ° 
3973-750 I 4051.048 | Oo 
3974-378 I 4953-795 | 
3976-532 ° 4059.403 | 
3979-175 4060.038 | o 
3980 . 239 ° 4003.547 | 1 
3980.901 4064.475 | o 
3981 .256 ° 4065 .789 | I 
3982 .027 I 4067.601 | I 
3982 .239 I 4069. 364 2 
3984. 506 4069 .610 I 
3984 .899 ° 4071 .925 ° 
3987 .305 | 4072.785 
3987.854 | o 4075 .683 ° 
3988 .710 | 4075 .887 
3988 I 4080.475 I 
° 
° ° 
1 
2 ° 
I 2 
I ° 
4000 .453 fe) 4086 .673 3 
4001 . 237 fe) 4088 .847 I 
4001 .864 o* || 4089.278 ° 
4003.246 | o || 4091.525 I 
4003.458 | 1 || 4093.511 ° 
4005.202 | © || 4094.907 3 
4005.679 | o || 4097.483 ° 
4006.515 | o || 4097.887 ° 
4007.163 | 1 4099 .093 I 
4008.331 | 1 || 4100.518 2 
4009-175 | 1 || 4oor.o88 I 
4011 .891 || 4102.817 I 
4012.620 | 2 || 4103.785 br) 1 
4o1g.271 | 4 || 4104.553 I 
4022. 233 4105 .502 I 


Wave-Length 
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NO 


+ 

Hu neund 


NNN 
RWW W 


w 


w 


| 
| 
| 
| 
| 
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HHH OOH HH 


| 


| sity 
| | | | 4106.112 | 
4108 .597 
: || 4109.523 | 
: | | 4110.795 | 
4111 .048 
4112.887 
415.947 | 
| 4116.878 
|| 4123.748 
|| 4127.606 
| = |} 4131%.200 | 
4131.618 
4132-943 | 
4134.269 
: | || 4140.410 | 
= | 4141.808 | 
|| 4142.900 | 
| 4148.312 
|} 4150.187 | 
j a 4152.418 | 
4155-525 | 
4150.407 | 
| | 4162.865 | 
| 4163.732 | 
| 4164.248 | 
4165.187 | 
| 4165.501 | 
| 4165.870 | 
247 | 4167.748 | 
| 4168.729 | 
| 470.575 | 
4171.463 | 
561 | 4171 .803 | 
> | > 
4178.0387 | 
155 | | 4179.721 | | 
4180.011 
4181015 | 
| 4193-078 | 
| 153 | | 4202.005 | 
059 || 4209.003 
4216.065 
B87 || 4217.247 
154 | 
799° 
| 
818 | 
636 | | 
| 
279 
| 77 | | 
| | | 
006 | R } 
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THORIUM—Continued 


Wave-Length | Wave-Length || Wave-Length | Wave-Length | 
4240.700 ° 4298.896 | 1 4359 - 363 fo) 4436.016 ° 
4242.773 ° 4299 .850 | o 4301 .292 © || 4436.239 ° 
4244.082 | 4300.801 | ° 4361 .746 © || 4436.420 
4247-739 | 0© 4306.389 | o 4365 .893 ° 4439-148 I 
4248.015 | I 4307 .188 | fe) 4366 .936 fe) 4440.548 
4249-710 | 0 4309-976 | 3 4309 .257 ° 4440.856 I 
4250.318 | 2 4313.000 | o 4373-825 ° 4443.075 ° 
4253-562 | o || 4313-307 | 1 4374-137. | © || 4447-790 | 1 
4255-781 || 4315-336 4374-788 I 4454-507 
4250.147 ° 4318. 346 2 4377 -837 I 4458 .031 
4256.262 | o 4319 . 109 ° 4378.162 fe) 4461 .162 fe) 
4257-534 | o 4320.146 2 4380.926 I 4465 .352 2 
4260.425 | 4320.595 I 4381 .890 4409 .511 
4261.305 | o 4327.146 I 4384 .686 ° 4472.301 ° 
4263.402 | 4328 .697 4387 .077 ° 4474.090 ° 
4264.155 | 4329 .519 4391 .029 4480.829 ° 
4270.351 | o 4331-979 fe) 4393-008 I 4481 .642 ° 
4271.122 | 4333-965 4394 .888 4485 .783 I 
4272.910 | I 4334-727 2 4396 .500 4486.101 ° 
4272.379 3 4337-386 | 2 4398 .897 ° 4486 .892 ° 
4273.018 | I 4338.120 | fe) 4399 .069 fe) 4487 .487 I 
4274-350 | 4341.036 | 4400. 372 4488 .648 2 
4276.818 © || 4342.285 | o 4401 .616 fe) 4492 .225 ° 
4276.927, | || 4342.434 | 1 4402 .938 I 4493 - 336 I 

277.340 | 4 || 4343-612 ° 4408 .867 ° 4496 . 307 ° 
4278.321 | o || 4343.991 | 1 4410.427 ° 4498 .934 ° 
4280.610 ° 4344.333 | I 4412.535 I 4499 .g66 ° 
4281.096 | 2 4344 .661 2 4412.776 6 4505.198 ° 
4281 .446 I 4349.450 | o 4414.505 I 4510.527 2 
4282.055 | 3 4347-742 | 4416. 187 4512.477 
4283.546 | 1 4349 .883 1 4418 .524 4513.676 ° 

284.960 fe) 4353-2909 | oO 4421.536 ° 4524.848 ° 
4286.219 4354-481 fo) 4422 .047 fo) 4531 .699 fe) 
4288 .035 4355-300 I 4423 .885 I 4532.288 ° 
4291.846 | o 4357-585 ° 4427 .636 I 4533-307 I 
4295.099 | © 4358 .310 I 4432 .237 ° 4534-118 | o 
4297 .357 ° 4358 .559 ° 4432.945 3 4535-236 ° 


| 
| 
| 
| 
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Ill. EFFECT OF VARIATION OF CURRENT AND CAPACITY 
UPON THE WAVE-LENGTHS OF SPARK SPECTRA 


INTRODUCTION 


Owing to the fact that the spark is always used for comparison 
in all line-of-sight work, it is of importance to know whether or not 
the wave-lengths of spark spectra remain constant under varying 
external conditions of current, capacity, etc. Although considerable 
experimenting has been done along this line during the last few years, 
yet there is a diversity of opinion among observers. As the spark 
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and arc lines did not coincide on several of the plates of spark spectra, 
this part of the investigation was undertaken to determine whether 
or not this displacement was due to mechanical causes. 


HISTORICAL REVIEW 


It has been observed by Hemsalech,' Schenck,? and others that 
when small amounts of self-induction were introduced into the circuit 
of a spark discharge, there was at once a complete extinction of all 
the air lines from the spark spectrum, and at the same time, a narrow- 
ing of all metallic lines. As the self-induction was increased, certain 
others, called “short lines,” disappeared, while certain lines called 
“long lines,” also present in the arc, remained visible or increased in 
intensity. There was also a third class which were absent in the 
ordinary condenser spark, being present in the arc, but which appeared 
on introducing self-induction in the circuit. But the function with 
which we are particularly concerned here is the effect of self-induction, 
capacity, and current, etc., upon the wave-lengths of the lines. Exner 
and Haschek,? in the course of their measurements of the ultra-violet 
spark spectrum of the elements, observed that in many instances the 
wave-lengths of the lines in the spark spectrum differed considerably 
from the wave-lengths of the corresponding lines in the arc, this dif- 
ference being often as much as o.5 of an Angstrom unit. They con- 
sidered this difference as due to pressure in the spark, and with data 
taken from the tables of Humphreys and Mohler‘ they estimated the 
pressure in the spark to be about 25 atmospheres. 

Haschek and Mache’ then attempted to show the existence of 
such a pressure. A spark was produced in an air-tight vessel which 
was filled with air and connected to a manometer. On discharging 
the spark they observed a sudden rise of the manometer and inter- 
preted it as due to a pressure in the spark; but the value thus obtained 
was much greater than that calculated from the difference between 
the wave-length of the arc and spark lines. They also found® that 

t Comptes Rendus, 129, 285, 1899; Journal de Physique (3), 8, 652, 1899. 

2 Astrophysical Journal, 14, 116, Igor. 

3 Sitz. der Kais. Akad. der Wiss. in Wien, 1897, and following years. 

4 Astrophysical Journal, 3, 114, 1896, and 4, 175, 1897. 

5 Sitz. der Kais. Akad. der Wiss. in Wien, 1808. 

© Astrophysical Journal, 19, 351, 1899. 
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this effect increased to a maximum and then decreased as _ they 
increased the amount of capacity across the discharge circuit. 

Eder and Valenta,’ however, found no displacement whatever, 
in case of the lines studied by Exner and Haschek. 

Kent? repeated some of Exner and Haschek’s work and observed 
that in case of titanium the arc and spark lines did not coincide, due 
to capacity, but that the displacement did not amount to more than 
0.04 of an Angstrém unit for lines in which Exner and Haschek 
observed as much as 0.13 of an Angstrom unit. 

Middlekauff,3 working in this laboratory with the 21-foot grating, 
observed no shift in case of the spark lines of iron. 

Keller,4 working at Bonn, observed a shift but found that it was 
due to the manner in which the light was allowed to fall upon the slit. 
THE PRESENT INVESTIGATION: APPARATUS 

The same grating was employed as that used for photographing 
the arc and spark spectra of the elements. 

For electrodes, rods of Norway iron, and also metallic chromium, 
manganese, and calcium were used. These were turned down to 
the form of a blunt lead-pencil as stated before. 


METHOD OF EXPOSURE 

One of the greatest difficulties encountered was the mechanical 
shift which appeared in a greater or less degree upon nearly every 
plate. At first this was taken to be a true shift. In order to avoid 
any possibility of a shift due to a jar of the camera when the shutter 
was turned, the shutter was detached entirely and held in place by 
two iron clamps which rested on the floor. 

The middle of the plate was generally used for photographing 
the spark, then the shutter was turned and the arc spectrum obtained 
on either side, thus making it possible to observe any shift that might 
occur. Plates were also taken in which the arc spectrum was on the 
center of the plate. 

RESULTS 

A large number of plates were taken by the method described 

above, and invariably it was found that no shift whatever occurred. 


' Kayser, Handbuch der Spectroscopie, Vol. I1, p. 308. 
2 Astrophysical Journal, 14, 201, 1900. 3 Ibid., 21, 116, 1895. 
4 Zeitschrijt fiir Wiss. Phot., 4, 209-231, 1906. 
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However, in the case of a few lines which were reversed either in the 
arc or spark, there was an apparent shift due to an unsymmetrical 
reversal. This is illustrated by the following wave-lengths of some 
of the chromium lines taken from the plates. In case of the fourth 
and fifth lines there was an unsymmetrical reversal of the arc lines. 


A Spark A Arc 
3823 .644 3823 .644 (r) 0.000 
3875 -257 3875 -257 (7) - 00 
4254-352 254-354 002 
4645 .853 4045 .875 -02 
4680. 489 4080. 505 .o16 


The effect of increasing the current in the primary of the induction 
coil was greatly to increase the intensity of the spark, but at the same 
time, to cause more lines to reverse. The latter was especially true in 
the case of calcium and manganese. 

The current was varied from twelve to forty amperes, this being 
the limit of the coil. When forty amperes current was used, almost 
every line in the spark spectrum of both calcium and manganese was 
reversed, while many were doubly reversed and a few of the manganese 
lines were reversed three times. 

Hence the conclusions to be drawn from the present investigation 
are the following: 

1. In the case of a spark discharge in air, there is no change pro- 
duced in the wave-length by variations in the circuit conditions up 
to 60 amperes except that due to unsymmetrical reversal of the lines. 

2. There is no appreciable difference in wave-length between the 
arc and spark lines. 


In conclusion, the author takes pleasure in acknowledging his 
great indebtedness to Professor Ames, at whose sugggestion the work 
was undertaken, and under whose immediate supervision it was 
carried out. He also wishes to thank both Mr. L. E. Jewell for his 
interest and valuable suggestions during the progress of the work, 
and Dr. A. C. Neish of Columbia University, who prepared and fur- 
nished the salts of cerium and thorium. 


Jouns Hopkins UNIVERSITY 
January 1909 
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STATIONARY METEORIC RADIANTS. THE SIZE 
OF METEORS 
By WILLIAM H. PICKERING 

The existence of meteoric showers of several months’ duration, 
coming from the same point in the sky, was first described at length 
and in detail by Mr. Denning, in Monthly Notices, 38, 111, 1878. 
The apparent radiant of a meteor depends in general nearly as much 
on the true direction of motion of the earth, as it does on the true 
direction of motion of the meteor. Consequently if the same meteor, 
moving in a straight line, could be met by the earth in two different 
parts of its orbit, we should find the meteor apparently coming from 
very different parts of the sky. Thus the radiant of the Perseids 
from July 8 to August 21 shifts in right ascension from 11° to 55° 
(Denning’s Catalogue, Memoirs oj the Royal Astronomical Society, 
53, 234, 1899), or a change of 44° in as many days. Consequently 
the statement that a meteoric shower can persist for five or six months, 
with the meteors apparently continuing to come from identically the 
same point in the heavens appears to be well-nigh unbelievable. 

No thoroughly satisfactory explanation of this phenomenon has 
been offered since Mr. Denning first called attention to it. Indeed, 
in Monthly Notices, 45, 93, 1884, he says: “The fact of stationary 
radiants exhibiting visible activity during several months is a 
phenomenon so unaccountable and so utterly opposed to the approved 
theories as to the orbits of shooting stars, that it must receive a most 
crucial examination before it can be accepted.” 

Professor C. A. Young in his General Astronomy, §787*, 1899, 
says: “ No satisfactory explanation of such fixity as yet appears, and 
though Mr. Denning is perfectly confident of the genuineness of his 
discovery, and though it is very generally accepted as a fact, some 
very high authorities, Tisserand, for instance, still question it, as 
being ‘incredible and unaccountable.’”’ 

Professor H. H. Turner, in Monthly Notices, 59, 147, 1899, after 
offering an explanation of the stationary radiants, which he himself 


later criticizes, says: “In spite of this difficulty, I venture to publish 
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this suggestion, in the hope that it may perhaps at least draw atten- 
tion to the important problem of stationary radiants.’”’ Again he 
says, referring to another suggestion, that these radiants are due to 
a confusion of different meteoric streams: “My own opinion is that 
this interpretation of Mr. Denning’s observations is impossible, and 
that we are face to face with another of those cases in which observa- 
tion supplies us with facts apparently inexplicable by theory at present, 
for which a theoretical explanation will yet be found.” 

The two objections to Professor Turner’s explanation which he 
has himself pointed out, and which strike the writer most forcibly, 
are: (a) That the meteors must move extremely slowly with regard 
to the earth—this does not seem to be the fact; (b) the explanation 
implies a uniform relative velocity of the meteors and the earth 
throughout the duration of the shower—this is contrary to the obser- 
vations. 

In the present paper an endeavor has been made to show clearly 
what assumptions are necessarily involved in any effort to explain 
the phenomenon described by Mr. Denning. The three hitherto 
irreconcilable facts stated by him, Monthly Notices, 45, 111, 1884, 
are: (a) the radiants are stationary; (b) the showers are of several 
months’ duration: four showers last for six, one shower for seven 
months; (c) the velocity of the meteors changes noticeably in 
different portions of the earth’s orbit. When the apex of our motion 
is near the radiant the relative speed is high; when remote from it, 
the speed is low. 

Starting with first principles, it is certain that the meteors are 
moving in an orbit around the sun, rather than around the earth, 
because of this variable velocity. The orbit must be a conic section, 
and is almost certainly an ellipse. The direction of its major axis 
may vary, depending on the portion of the earth’s orbit where the 
meteors are encountered—and this in fact is the opinion of Bredikhine, 
who considers the phenomenon as due to a series of separate meteoric 
streams. Denning, on the other hand, believes that all the meteors 
coming from the same radiant belong to the same shower. ‘This is 
equivalent to assuming that the orbits of all these meteors have a 
common major axis. It is our object to explain, as far as possible, 
the existence of stationary radiants, accepting this condition. 


. 


STATIONARY METEORIC RADIANTS 367 


Let us now consider the inclination of the orbit, and let us first 
suppose that it is perpendicular to that of the earth. If the inter- 
secting node coincides with either the aphelion or the perihelion, the 
direction of the meteors will also be perpendicular to the plane of 
the earth’s orbit. Under these circumstances the position of the 
radiant in longitude will depend on the earth’s motion, and be inde- 
pendent of that of the meteors. The longitude of the radiant will 
coincide with that of the apex of this motion, and consequently will 
increase 1° per day. 

As an illustration of this case, let us consider the Perseid shower, 
which somewhat approximates to these conditions. The latitude of 
its perihelion is + 25°. Its perihelion distance is 0.96, and the inclina- 
tion of its orbit 116°. When the shower is at its maximum, on August 
10, the longitude of the sun is 137° and the longitude of the earth’s 
apex 47°. The meteors should therefore seem to come from this 
longitude. Their observed radiant in fact on this date is 44°. The 
radiant advances on the average, as we have already seen, 1° a day in 
right ascension. Their duration is 44 days, which means that the 
breadth of the stream is about sixty millions of miles (100,000,000 km). 
In fact their long duration compared with that of the Leonids indicates, 
quite as clearly as their uniform distribution along their orbit, the great 
antiquity of the stream in its present position. 

Now let us still assume that the orbit of the meteors is perpen- 
dicular to that of the earth, but that the node does not coincide with 
the aphelion or perihelion. The only difference between this case 
and the last is that the vertical component of the meteor’s motion 
now has a nearly constant horizontal component combined with it. 
This will change the direction of the radiant in longitude, but will 
not materially affect its daily rate of change. It therefore appears 
that orbits giving stationary radiants cannot be highly inclined to the 
ecliptic. 

Let us now imagine that the earth and a meteoric stream revolving 
in the same plane, but in opposite directions, should cross one another 
at intervals of every six months. In the simplest case, where the 


motions of the two bodies were diametrically opposed, the difference 
in longitude of the two radiants would be 180°. In every case the 
motion of the meteors would tend to increase that component of the 
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radiant due to the earth’s motion. This component is the one which 
induces a change in longitude, and is therefore the one whose influence 
in certain places we must seek to counteract. As far as inclination is 
concerned, therefore, meteors with stationary radiants can only be 
revolving in orbits but slightly inclined to the elliptic, and with a direct 
revolution. 

Let us next consider the velocity of the meteors. The Leonids 
when they reach the outer limits of our atmosphere are, as we know 
by the elements of their orbit, moving at a speed relatively to the 
earth of 44 miles (71 km) per second. The Andromedids on the other 
hand are moving at a speed of only 11 miles (18km). How fast either 
of them is moving when they later become visible to us, we have no 
precise means of measuring, but we have no difficulty in recognizing 
the difference in their speed, and we are able to form an impression 
of how a meteor looks that has had a speed of 44 miles a second 
when it struck our atmosphere, and how one looks that has been going 
only rr miles per second. 

Describing the meteors from stationary radiants Mr. Denning 
says in Monthly Notices, 45, 444, 1885: “The meteors falling from 
the stationary radiants referred to in my paper read at the December 
meeting, appear to be of ordinary character, and their motions cannot 
differ essentially from the parabolic velocities exhibited by the planet- 
ary streams.’”’ From this statement we conclude that their orbits 
cannot nearly coincide with that of the earth, as suggested by Professor 
Turner in Monthly Notices, 60, 455, 1900, but that their major 
axes must be of the same order of size, at least, as those of the periodic 
comets. 

In Mr. Denning’s latest catalogue, to which reference has already 
been made, it is interesting to note that out of 278 different radiants 
he records only two of which the motion has been definitely established, 
onc, the Perseids already mentioned, and the other, the Lyrids of 
April 20. The inclinations of the orbits of the comets with which they 
are associated, 1862, III, and 1861, I, are 114° and 80° respectively. 
It will thus be seen that in both these cases the orbit is very highly 
inclined to the ecliptic. 

In the catalogue, however, under the head of the Leonids, are 
found some very interesting observations made by Professor F. P. 
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Brackett and nine assistants on the six days extending from Novem- 
ber 12 to 17, 1898. On one of these dates the longitude of the radiant 
shows a large deviation from the others, due apparently to the exist- 
ence of what Professor Brackett in his original paper terms sub- 
radiants (Popular Astronomy, 7, 34, 1899). The five other dates 
show a fairly regular progression in longitude at the rate of 1° per 
day, as follows: 147° 30’, 148° 45’, 150° 42’, 150°, ——, 152° 30’. 
The longitude deduced for the radiant on the date indicated by a 
dash was 147°. The total number of Leonids observed was 177, of 
which 1og were seen upon November 15. This change of the radiant 
is precisely what we should expect theoretically for a retrograde stream 
both in direction and amount. 

All the other meteoric streams mentioned in the catalogue, for 
aught we can tell to the contrary, therefore, may have stationary 
radiants. Indeed, on p. 204 Mr. Denning definitely states, referring 
to these radiants: “Certain (in fact the great majority) of these 
displays are not confined to limited periods, but extend their activity 
over several weeks, and in many cases over several months.” In 
endeavoring to explain stationary radiants, therefore, we are trying 
to make clear not the exceptional occurrence, but the usual phenome- 
non of a meteoric encounter. 

Of the 45 recognized periodic comets belonging to our system, but 
three have retrograde orbits. The great majority of these comets 
were rendered periodic by the influence of the planet Jupiter, and 
their orbits are generally inclined at small angles to the ecliptic. We 
may probably safely assume that the meteoric radiants are due, not 
to parabolic or hyperbolic orbits, but to elliptic orbits whose major 
axes are of moderate length, and that the meteors themselves are in 
fact in the majority of cases the visible remains, the ghosts, so to speak, 
of defunct periodic comets. We may properly expect then that 
their orbits also will be inclined at small angles to the ecliptic. 

Let us now construct a figure representing such an orbit, which 
we will for the present assume to lie exactly in the plane of the ecliptic. 
In Fig. 1 let S be the sun, let the circle represent the earth’s orbit, 
and the line P A the direction of the major axis of the orbit of the 
meteors. Let us call the direction of A as seen from S longitude o°. 
If the earth encounter the meteors at their aphelion A, their orbit 
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will be small; if it encounter them at their perihelion P, their orbit 
will be large; but in either case the longitude of their radiant will be 
go°®. The reason of this is because, when at the same distance from 
the sun, the meteors will move faster than the earth, if at their perihel- 
ion, but slower than the earth if at their aphelion. 

Let us now assume an ellipse of known major axis and eccentricity 
intersecting the earth’s orbit at 7. Let E T H be a tangent to the 


R 


Fic. 1 


circle and M TO a tangent to the ellipse. Lay off M7 and TH 
equal respectively to the velocities of the meteor and the earth, com- 
plete the parallelogram TH RM, and prolong RT to D. Then 
R T will give the relative velocity of the two bodies, and R D F the 
longitude of the radiant. These two quantities are readily deduced 
by solving the triangles 7S F and T H R. It is a curious fact that 
except in the immediate vicinity of A, no matter what ellipse we may 
construct along the major axis P A, prolonged if necessary, provided 
the aphelion is to the right, the angle R D F will depend only on the 
location of JT. ‘This statement is not rigorous, but it is une pectedly 
exact. 

The reason of it may be seen by an inspection of Fig. 2. Let 
T H represent the velocity of the earth along a small portion of its 
orbit, and M T that of a meteor moving in an orbit of large mean 
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semi-diameter. If this meteor is followed by another having the 
same major axis, but moving in an orbit of small mean semi-diameter, 
its direction m T will lie at a somewhat larger angle with T H but it 


will also have a smaller velocity 
relatively to the sun. ‘The unex- 
pected feature is that these two 
changes should so nearly com- 
pensate one another that the 
angle R T H remains practically 
constant. 

To illustrate this fact the fol- 
lowing table has been constructed, 
where the first column gives the 
aphelion distance of the assumed 
meteor, the second the mean 
semi-diameter of its orbit, the 
third its eccentricity, the fourth 
the longitude of the earth at the 


R 


M 


Fic. 2 


intersection of the two orbits, the fifth the longitude of the resulting 


radiant, and the last the velocity of the meteor relatively to the earth 


LONGITUDE OF RADIANTS 


Velocity Relative 


I.00 ©.goo ofo go°o 0.057 
©.510 0.0 78.8 I.020 
1.02 0.773 0.320 16.8 | ©. 200 
1.02 0.981 0.040 58.9 | 74.8 | 0.036 
I.005 0.015 108.7 98.9 | 0.014 
I.02 1.008 0.012 131.3 100.1 0.010 
I.02 I ..009 0.0106 150.1 109.0 ©.007 
1.02 1.010 © .00Q9 180.0 go.0 ©.005 
0.520 74-5 1.038 
I.10 ©.550 I.— 0.0 66.9 | 1.087 
1.10 0.670 0.640 19.2 67.1 0.502 
I.10 0.834 0.320 38.1 68.7 0.2605 
I.10 0.948 0.160 61.6 76.4 0.152 
I.10 I .000 0.100 84.2 87.1 | ©.100 
I.10 1.019 0.080 98.8 94.1 | ©.079 
2.20 1.340 0.640 | 70.7 80.0 | 0.522 
6.19 3-525 0.756 132.4 105.6 | ©. 509 
6.06 3-525 0.720 165.7 100.0 | 0.332 

45.08 23.000 0.960 146.8 ©.522 

45-77 23 .000 | °.ggo 56.8 71.6 | 1.267 
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at the time of collision. Numerous orbits of small aphelion distance 
are given for comparison with orbits where the aphelion distance 


is larger. ‘The last two aphelia are comparable to those of the orbits 
of the Perseids, the two previous ones to those of the Andromedids. 

These results are plotted in the curves represented in Fig. 3. The 
abscissas at the top represent degrees of longitude and are taken from 
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, the fourth column of the table. The abscissas at the bottom represent 


time, and divide the year into twelve equal parts. The upper series 
of ordinates gives the longitude of the radiant taken from the fifth 
column of the table. The lower series of ordinates gives the velocity 
of the meteor relatively to the earth, and is taken from the last 
column. The unit velocity is that of the earth in its orbit. Where 
the aphelion distance is less than 1.10 the result is indicated on the 
figure by an X, where it is exactly 1.10 it is indicated by a +, and 
when it is 2.20 or over, it is indicated by a circle. The half of the 
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curve beyond longitude 180° is exactly like the other half except that 
it is reversed. By the lower curves we see that unless the aphelion 
distance is large, the relative velocities between longitudes go° and 
180° are extremely small. It has not been thought necessary to carry 
the lower curves into the higher longitudes, since the results would be 
obviously identical with those shown. 

From an inspection of the figures we can see at a glance how closely 
the circles and crosses follow the upper curve except near longitude 
o°. We next notice that for an interval of eight months, or between 
longitudes 60° and 300°, the longitude of the radiant does not’ vary 
more than 16° from its mean position. -In other words where the 
inclination is 0°, every radiant must remain within 16° of its mean 
position for eight months of the year, no matter how the orbit is con- 
structed. Moreover, no radiant of an unperturbed orbit, no matter 
how it is constructed, can vary less than this amount, if it is observed 
continuously for eight months. 

We may look at these facts from another point of view. Taking 
up the various elements of every possible orbit of the meteors in suc- 
cession, we find that the date of perihelion passage is given all possible 
values, since the meteors are supposed to revolve in a ring. The 
longitude of the perihelion and the inclination are fixed by the prem- 
ises. The longitude of the node is not affected in the case consid- 
ered. Variations in the eccentricity and mean semi-diameter, which 
control the perihelion distance, are found to neutralize one another, 
and so produce no effect. ‘These six quantities are the only ones which 
can effect an unperturbed orbit. Therefore without introducing 
perturbations from other bodies, particularly the earth, ‘no other 
variations in the orbits are possible. 

The presence of the earth is capable of producing two effects on 
meteors that soon after encounter it, and so become visible. One 
is to deflect them, the other to accelerate their velocity. The deflect- 
ive effect always tends to cause the apparent radiant to approach 
the zenith. In Fig. 4 the direction of the radiant, as deduced from 
the upper curve of Fig. 3, is represented in each of the four quadrants 
by the arrow-heads. During the first quadrant counting from A, 
most of the meteors coming from the given radiant are met after 
midnight, when the general effect will be to increase the longitude 
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of the radiant. During the second quadrant the meteors are 
approaching perihelion and traveling faster than the earth, therefore 
they should mostly be seen before midnight when the longitude of 
their radiant will be diminished. During the third quadrant the 
only meteors seen will be shortly after sunset, when the longitude 
of the radiant will be increased. Finally, in the fourth quadrant the 
only meteors seen will be shortly before sunrise, when the longitude 


will be diminished. By reference to Fig. 3 it will be seen that each 
of these effects tends to straighten out the curve. 

The maximum acceleration that a meteor can experience with a 
stationary earth, as has been shown by Turner (Monthly Notices, 
59, 141, 1899), is 0.07 of its own velocity. The effect of this accelera- 
tion on a meteor whose aphelion distance is a little over 45 units, 
in longitude 56°8, is to reduce the longitude of the radiant by 2°9. 
In longitude 146°8 the reduction will amount to 5°0. These results 
are shown by the little squares in Fig. 3. If the aphelion distance 
is less, the effect is much more striking. Thus, with an aphelion 
distance of 1.02 units, in longitude 13193, an acceleration of only 
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1 per cent. will reduce the longitude of the radiant by 32°0. This 
result is indicated in Fig. 3 by the (*). The effect in the second 
and third quadrants is nearly twice as great as it is in the first 
and fourth, but this ratio is still further greatly increased if we consider 
that the earth is not stationary, but moving. This change makes 
little difference in the first and fourth quadrants, where the earth and 
meteor are moving at a high angle with regard to one another. In the 
second and third quadrants, however, the two bodies are moving in 
more nearly parallel courses and the meteor is following and over- 
taking the earth. Under these circumstances the accelerating force 
lasts for a much longer time, with a correspondingly greater effect. 

We thus see that both the deflecting effect and the accelerating 
influence of the earth tend to straighten out the curve between longi- 
tudes go° and 270°, and the former tends to straighten it in the other 
half of its course, as may be seen by inspection of Fig. 4. We also 
see that the mass of the earth is quite sufficient to accomplish this 
straightening process, provided the aphelion distance of the meteors 
is not too great. The duration of the shower will of course depend 
on the breadth of the stream, which in turn depends on the variation 
in the eccentricity and mean semi-diameter of the orbits of its com- 
ponents. 

Although it is true that the earth is quite capable of straightening 
out the curve, or even of reversing the direction of its curvature, 
there is no evident reason why it should leave it exactly straight, as 
should be the case if the longitude of the radiant was invariable. 
However, the observations are admittedly not very exact when the 
meteors are scarce. Mr. Denning states (Monthly Notices, 38, 111, 
1878): “that a radiant of a feeble system can seldom be relied upon, 
except in special cases, to within five or seven degrees.” When the 
meteors are more frequent the accuracy is much greater. In the 
Monthly Notices, 45, 102-105, 1884, he gives a series of tables of 
his own, and of others’ observations, for six different meteoric streams 
which he considers to exhibit stationary radiants. Observations by a 
single experienced observer are naturally more accordant than those 
made by a group of different persons. But even in his own case the 
monthly means have a range of three or four degrees in right ascen- 
sion, although in declination they are appreciably more accurate. 
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It therefore appears that the observations do not require that the 
line in Fig. 3 should be made exactly straight and horizontal. 

There now only remains the general case of a meteoric stream 
inclined at a small angle to the plane of the ecliptic. Under favoring 
conditions there is no reason why the ascending nodes of the orbits 
composing some of the streams should not be distributed throughout 
the whole 360° of longitude. The conditions may then be represented 
by a series of prolate ellipsoids with a common major axis, the meteors 
proceeding from pole to pole over their surfaces and moving in differ- 
ent directions. This would create no confusion, however, for those 
meteors moving in one direction would have one radiant, and those 
moving in the opposite direction would have another. It would thus 
be possible for meteors from a single swarm to move from north to 
south throughout the year. 

It is not likely, however, that any stream persists continuously 
for many months. It is obvious that geometrical difficulties would 
arise in such a case. But there seems to be no reason why a stream 
should not persist for several weeks from approximately the same 
radiant, and then cease, and reappear in the same place, or near it, a 
few months later. Such, in fact, appears to be the case with most of 
the stationary radiants that Mr. Denning has described. It therefore 
appears that the general principle of radiants, at least approximately 


stationary, for certain intervals of time, far from being “incredible 


and unaccountable 
is exactly what this very knowledge would lead us to expect. 


with our present knowledge of meteoric orbits, 


Let us now see what further evidence we have for associating 
the meteors from stationary radiants, that is to say, the majority of 
meteors, exclusive of the Perseids and Leonids, with the planet Ju pi- 
ter. It is a well-known fact that the perihelion of the comets belong- 
ing to Jupiter's family are very irregularly distributed in longitude. 
More than half of them, or 17 out of 33, lie within an arc of 79° or 
between longitudes 334° and 53°. Their mean longitude is therefore 
13°5. It is a'so a fact of common knowledge, even omitting the 
brilliant showers of the Perseids, Leonids, and Andromedids, that 
the great majority of our meteors are seen between the middle of July 
and the middle of December. Denning states that meteors are about 
twice as frequent during this portion of the year as at other times. 
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Now the heliocentric longitude of the earth in mid-July is 293° and 
at mid-December 84°, mean value 8°5. It therefore appears that 
we encounter the greatest number of meteors when the earth is 
passing those longitudes where the perihelia of the comets of Jupiter’s 
family are most thickly distributed. The mean perihelion distance 
of these 17 orbits is 1.35, so that in these longitudes their orbits and 
that of the earth most nearly approach tangency. The cometary 
orbits attached to the planets lying beyond Jupiter lie at all inclina- 
tions, and the longitude of the maximum density of their perihelia 
is about 60°, so that we find no evidence of connection between these 
comets and the meteor swarms possessing stationary radiants. 

If in Fig. 4 we consider P to lie in longitude 13°5, the mean longi- 
tude of perihelion of Jupiter's comets, then, from what we have 
already seen, we right expect the radiants of their associated meteors 
to lie in longitude 283°5, or go° preceding. This would undoubtedly 
be the case if we could see all the meteors that fell during the whole 
twenty-four hours, and also if the perihelion distance of Jupiter's 
comets was unity. Since neither of these is the case, however, both 
of these causes tend to increase the longitude of the radiant. Further- 
more, in the early morning hours we encounter other meteors traveling 
both faster and slower than ourselves, while in the evening hours we 
encounter only those that are traveling faster. The greater number 
of meteors seen in the morning in this case is due to the fact that all 
meteoric streams do not have their perihelia in the longitude of P; 
moreover some of their orbits are highly inclined, and others retro- 
grade. Asa result of these various facts the longitude of the mean 
radiant is advanced over go°, so that the greatest number of meteoric 
radiants lies between the longitudes of 0° and 60°, mean 30°, as 
shown by Denning in his catalogue. 

An examination of the lower curves in Fig. 3 shows that those 
meteors moving with cometary velocities and indicated by circles 
would encounter the earth at perihelion, longitude 180°, with a 
velocity of not less than about o.3 that of the earth in its orbit, of 5.5 
miles (g km) per second. Now there are many very slowly moving 
fireballs, so called, that even at great altitudes obviously move at 
much slower rates of speed. There are also some very rapidly mov- 
ing fireballs, such as those associated with the Leonids, for instance. 
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Among fainter objects, however, it is a curious fact that those moving 
slowly through long arcs are not often noticed. 

These slowly moving fireballs necessarily cannot have their aphelia 
located very far beyond the earth’s orbit. Mr. Denning, on p. 212 


of his “Catalogue,” says: “The disposition of certain radiants to 
supply fireballs is very well marked; and it is a notable circumstance 
that these fireballs make their apparitions at a period when the 
radiants are far removed from the apex of the earth’s way, and 
usually placed in the western sky. The positions are nearly all on 
the ecliptic.” It would seem then that their orbital motion must be 
direct, and their perihelion distance about unity, so that we encounter 
them when they are overtaking us. Their velocities would be well 
represented by the two lower curves shown at the bottom of Fig. 3. 
The perihelia of the fireballs as a whole are distributed in longitude 
according to the same law that affects Jupiter's comets, for nearly 
twice as many are seen during the last half, as during the first half of 
the year. 

The comparatively slow speed at which fireballs often move is one 
of the reasons for the fact stated by Mr. Denning (Monthly Notices, 
50, 413, 1890) that the average height at which they disappear is 
30 miles (48 km), while the ordinary shooting stars disappear at an 
altitude of 54 miles (87 km). Since the density of the atmosphere is 
halved for every three and a half miles that we ascend, its density 
where the fireballs are last seen is 128 times as great as where the 
shooting stars disappear. 

We often see the statement made that the average mass of a shoot- 
ing star is at most but a few grains. This intrinsically improbable 
statement is based on some very doubtful assumptions with regard 
to the amount of energy converted into light by a candle, and the 
amount of energy similarly converted by a meteor. It was shown in 
the Annals of Harvard College Observatory, 41, 140, in connection 
with a study of the Leonid shower of 1897, that if the intrinsic bril- 
liancy of a meteor of the third magnitude was about that of the incan- 
descent portion of the carbons of an electric arc light, the meteor itself 
must be 6 or 7 inches (15 or 18cm) in diameter. This intrinsic bril- 
liancy was considered a fair estimate since either iron or stone would 
volatilize at a lower temperature than the electric arc. If on the 
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other hand the meteor weighed only one grain, its intrinsic brilliancy 
must be 4000 times that of the incandescent carbons, or 4o times 
that of the surface of the sun itself. 

Mr. Charles C. Trowbridge in the Astrophysical Journal, 26, 95, 
1907, shows that the persistent train, often lasting many minutes, 
left by a large fireball is usually a mile (1.6 km) or more in diameter, 
by ten to thirty miles in length. This train can be formed only within 
certain limits of gaseous pressure, and therefore can only exist at a 
particular height in the atmosphere. The mean height found is 54 
miles, or about the level at which shooting stars disappear. The 
material of these bodies is therefore mostly exhausted before they reach 
the atmospheric level, suitable for the production of such a luminous 
train. If we consider that the average fireball is of magnitude — 2, 
and the average shooting star of magnitude 3, then this implies that 
the former gives out 100 times the light, and has 1ooo times the mass 
of the latter. If the average shooting star weighs but a few grains, 
it is difficult for us to believe that even if it were capable of exciting 
in the air about it an electric glow like that of a fireball, this glow could 
produce luminosity throughout a volume of one-thousandth part of 
twenty cubic miles or let us say a volume of air a mile square by 
100 feet in depth. 

On the other hand assuming the average shooting star to be 6 or 7 
inches in diameter, the average fireball must measure 5 or 6 feet, and 
be sometimes much larger. Bodies of these dimensions sometimes 
reach the surface of the earth and they may have been very much 
larger still when at an altitude of thirty to fifty miles. 

It is not necessary to suppose, however, that the whole luminous 
mass is solid. The only photographic spectrum ever secured of a 
flying meteor, Harvard Circular, No. 20, shows that most of the light 
came from bright lines in the spectrum, which incidentally indicates 
that the nucleus was not very intensely incandescent. It can be 
shown mathematically that on account of the great rarity of our atmos- 
phere at these altitudes, the pressure in front of a meteor cannot 
exceed a few atmospheres. The tremendous quantity of heat gener- 
ated by the blast of air must be devoted chiefly to vaporizing the front 
surface of the meteor, which we may conceive to be cut away when at 
high velocities at a linear rate of two or three feet per second. The 


380 WILLIAM H. PICKERING 


temperature would be constantly kept down by the evaporation, so 
that at ordinary pressures it would be impossible for a high incan- 
descence to exist. In general the phenomenon is so short-lived that 
conduction of heat can play very little part in the process of destruc- 
tion. 
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A FURTHER STUDY OF THE H AND K LINES 
OF CALCIUM" 


By ARTHUR S. KING 


The electric furnace? in the Pasadena laboratory has been used for 
additional observations of the calcium spectrum by way of supple- 
menting the writer’s former papers on this subject.3 The new fea- 
tures in the present investigation have been the use of higher dispersion 
in the blue and violet, giving more definite data concerning the width 
of the lines, and a comparison of the changes in the spectrum when 
the furnace is operated in vacuum, in hydrogen atmosphere, and in 
air at atmospheric pressure. 

The vertical Littrow spectrograph was used with the objective 
of 13 feet (4 m) focal length. The third order then gave a dispersion 
of 1.37 Angstrém units to the millimeter in the blue, permitting a 
good comparison of the widening of the spectrum lines. j 

When an atmosphere of hydrogen was used in the furnace chamber, 
the gas was prepared from zinc and sulphuric acid and carefully 
purified. The furnace was pumped out to about 5 mm, flushed once 
or twice with hydrogen, and then filled with the latter to atmospheric 
pressure. The hydrogen was kept slightly above atmospheric pres- 
sure during the operation of the furnace. It was found necessary to use 
a different jacketing material about the furnace tube when hydrogen 
was employed, as the carborundum previously used, which gives very 
efficient heat insulation, appears to trap a certain amount of air when 
the chamber is pumped out. This air is given off when the car- 
borundum becomes heated and is at once removed if the pump is in 
connection, as is the case for work in vacuum. When hydrogen was 
used, however, the residue of air caused small explosions, besides 
contaminating the gas. The change made was to use two-inch graph- 

1 Contributions from the Mount Wilson Solar Observatory, No. 38. 

2 Contributions from the Mount Wilson Solar Observatory, No. 28; Astrophysical 

Journal, 28, 300, 1908. 


3 Astrophysical Journal, 27, 353, 1908; Contributions from the Mount Wilson 
Solar Observatory, No. 32; Astrophysical Journal, 28, 389, 1908. 
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ite blocks as jacketing material, these being cut to size and placed 
vertically side by side perpendicular to the furnace tube, a hole in 
each block allowing space for the tube. This jacketing was success- 
ful except that as heat insulation it proved far inferior to carborundum, 
the heat being carried away so rapidly that the current which usually 
gave nearly 3000° C. gave barely 2500°. The temperatures were 
sufficient, however, to compare the effect of hydrogen with the other 
furnace conditions, runs being made for comparison with the graphite 
jacketing both with the furnace in vacuum and with air present, 
though the carborundum insulation was used with the last two 
arrangements to obtain the higher temperatures. 

The present investigation has verified in all essential points the 
conclusions arrived at in the previous papers, while the results with 
the furnace in hydrogen and in air throw interesting lights on the 
effects observed in the vacuum experiments. The use of hydrogen 
at atmospheric pressure not only excludes oxidation, which is accom- 
plished well enough by pumping out the chamber, but alters the 
rate of diffusion of the metallic vapor in the tube and so affects the 
vapor-density. The loss of heat by convection was found to be very 
considerable with the hydrogen atmosphere and accounts in large 
measure for differences observed between these spectra and those 
obtained in vacuum with the same current through the tube. 

The presence of hydrogen in the furnace is very favorable to the 
fluted spectrum in the red referred to in papers by Olmsted' and the 
writer? and now being measured by the former from large-scale photo- 
graphs. This was observed during the present work both visually 
and by photographs made with red-sensitive plates. If these flutings 
arise from an actual compound of calcium with hydrogen, it would 
anean that hydrogen introduces a chemical action of its own. The 
formation of the compound, however, is by no means certain. 

To use the furnace in air, one of the outlet pipes was usually left 
open. As was to be expected, a lively combustion took place in the 
tube when air was present, although the tube itself was consumed but 


t Contributions from the Mount Wilson Solar Observatory, No. 21; Astrophysical 
Journal, 2'7, 66, 1908. 

2 Contributions from the Mount Wilson Observatory, No. 35; Astrophysical Journal, 
29, 190, 
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slowly and would last for several runs, there being no active circula- 
tion of air. There should have been more convection of heat than 
when hydrogen was used, but the oxidation more than balanced this 
loss, and brilliant spectra were obtained. At the higher temperatures 
the continuous ground soon became strong enough to give all lines in 
absorption. ‘The assumption in the former papers, that the continu- 
ous spectrum from the furnace is produced through the reflection of 
light from the white-hot walls of the tube by the suspended particles 
of vapor, appears to be correct; as when air was present and a high 
current was thrown on the tube, a series of exposures, each lasting a 
few seconds, showed that the mass of vapor which quickly arose gave 
a strong continuous spectrum in the earliest stages, while the bands 
were developing and before any lines appeared. With the furnace 
tube in vacuum or in hydrogen a large quantity of calcium in the tube 
as well as a high temperature was required to give the lines in absorp- 
tion. With the tube in air, the vigorous oxidation gave this condition 
with a very moderate supply of calcium. 

At least two runs of the furnace were made under each set of 
conditions, to eliminate effects of any irregularities in the action of 
the apparatus. Toward the end of the experiments a high-reading 
ammeter was installed, so that for some of the photographs the 
corresponding currents through the tube were measured. Pyrometer 
readings were frequently taken by sighting the instrument on as 
much of the wall of the tube as the small aperture of the furnace 
window permitted to be seen. These readings should give values 
close to the correct temperatures. y 

Plate XXII gives a series of third-order spectra for different 
temperatures and under the three conditions used during this work. 
A large portion of the spectrum between H and A 4227 is omitted 
from the plate. A number of other photographs were taken, not 
always favorable for reproduction, which gave good comparisons of 
special conditions and will be referred to in the discussion. 

Furnace in vacuum.—The experiments with the furnace in vacuum 
were carried far enough to shew that the higher dispersion fully 
confirms the conclusion of the former paper that H and K do not 
appear much below 2500° C. (perhaps 2400° is a better limit), that 
they are strengthened by higher temperatures but widen very slowly 
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within the range of temperature given by the furnace; while A 4227 
appears at low temperature and depends for its width almost entirely on 
the amount of vapor present. Plate XXII gives first an arc spectrum 
jor the identification of the furnace lines. Furnace spectrum No. 1 
is at about the limit of visibility of H and K as regards temperature 
but is made fairly strong through long exposure (30 minutes). The 
amount of calcium in the tube was small for both this and No. 2. A 
higher temperature gave No. 2, which was obtained with two minutes’ 
exposure. The continuous ground is rather strong, but both tem- 
perature and vapor-density were low enough to prevent the spectrum 
passing into absorption. ‘The relative strength of H and K in No. 2 
compared to the group of arc lines near A 4300 is to be noted in con- 
nection with results under other furnace conditions. 

Furnace in air.—The use of air in the furnace chamber gave a 
very vigorous combustion and, if much calcium was present, a strong 
continuous spectrum. The image of the interior of the tube appeared 
brilliant white on the slit when a high temperature was employed. 
All lines and the cyanogen bands then appeared in absorption. Nos. 3, 
4, 5, 6, and 7 of Plate XXII show different conditions of the spectrum 
with air present. No. 6 is typical of the high temperature condition 
(2800° to 2900° C.) with strong vaporization. This condition was 
photographed several times during different runs of the furnace. 
The width of 4 4227 could be made greater with more calcium present 
and of course appeared greater if the exposure were so timed as to 
give a weaker continuous ground. This state is shown in No. 7, 
taken during another run, the continuous ground being weaker and 
the reversed lines wider. This was taken at an earlier stage of the 
run, when the amount of vapor was probably greater than for No. 6, 
the temperature being about the same (accurate pyrometer measure- 
ments were difficult during these short exposures). No. 5 was taken 
at lower temperature than either Nos. 6 or 7. 

Nos. 3 and 4 represent lower temperature conditions with air 
present, the spectrum then showing bright lines. No. 3 was taken 
after No. 6 with an exposure twenty times as long as for the latter. 
The temperature for No. 4 was intermediate between Nos. 3 and 6, 
measuring about 2600° C. The amount of calcium was small for No. 
4, the furnace having been used for a run the day before, and was 
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now heated without renewing the supply of calcium. The strength of 
the cyanogen bands in No. 4 is doubtless due to the tube being worn 
thin in parts, as it was now used for the sixth successive run. 

It is evident that H and K can be decidedly strengthened both in 
emission and absorption by increasing the temperature, especially 
when assisted by the strong chemical action given when air is present. 
As to how much they depend upon temperature can best be seen by 
comparing them with the group of arc lines from A 4283 to A 4319. 
These lines remain fairly narrow and change but slowly with increase 
of temperature. Taking emission spectra, a comparison of Nos. 3 and 
4 shows the K line somewhat weaker than A 4283 in the low-tempera- 
ture spectrum, while at high temperature K is decidedly the stronger. 
The same kind of plate (Seed’s “ 27”’) was used for all of these photo- 
graphs. Exactly the same relation is found for the lines in absorption 
by comparing the low-temperature absorption spectrum No. 5 with 
either No. 60r No. 7. It is plain that H and K strengthen much more 
rapidly with increasing temperature than the average arc line. A 
comparison of Nos. 1 and 2 shows the same relation for the furnace 
in vacuum. 

Furnace in hydrogen.—The use of hydrogen in the furnace gave 
results which at first seemed to indicate that the presence of this gas 
suppressed the H and K lines. They were scarcely visible with the 
same currents through the tube which gave them very strong in vacuum 
and in air. Further investigation showed, however, that this effect 
was in all probability due solely to a lower temperature produced by 
the convection of the hydrogen at atmospheric pressure, combined 
with the absence of oxidation. Three runs of the furnace were made 
with vacuum, hydrogen, and air successively in the chamber, the 
graphite jacketing being used and all conditions of operation made 
the same as nearly as possible. Pyrometer measurements showed 
that for corresponding stages in the different runs the temperatures 
were nearly the same for vacuum and for air, while for hydrogen they 


registered 150° to 200° lower. Another test was made by taking a 
photograph with hydrogen at atmospheric pressure, the temperature 
being high enough to give H and K distinct though weak. This pho- 
tograph is reproduced in No. 8 of Plate XXII. The furnace was then 
pumped out and fresh hydrogen admitted to about 3 cm pressure, 
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after which No. 9 was taken with exposure time and other conditions 
as nearly the same as possible. H and K show nearly as strong as 
would be expected in vacuum under the same conditions. The 
rapid change of H and K with temperature as compared to the arc 
lines near A 4300 is very clearly brought out in these two photographs, 
H and K being very much weaker than the arc lines in No. 8, while 
in No. g they are stronger than the strongest of the A 4300 group. 
The effect on A 4227 of change of vapor-density is very decided in 
Nos. 8 and g. The temperature for No. g was considerably higher, 
but the furnace had partially cooled during the changing of the gas 
and the supply of calcium was doubtless much less than for No. 8. 
Two other photographs, not reproduced, give the same effect as Nos. 
8 and g for a smaller temperature interval. 

Dependence of 4 4227 on vapor-density.—All of the photographs 
support the view that the intensity of A 4227 is governed by the supply 
of calcium vapor. Visuai observations also were very convincing. 
The spectrum was usually closely watched during the exposures by 
means of a direct-vision spectroscope of considerable dispersion. At 
the beginning of a run, with fresh calcium in the tube, A 4227 was 
broadly reversed at moderate temperatures. It became narrower 
as time went on, and after a while the use of a much higher tempera- 
ture would not widen the line appreciably. The widening of a line 
of this character refers to the total width, not to the width of the 
reversal, the latter depending upon the distribution of heated vapor 
between the middle and ends of the tube. 

H and K in the arc and spark.—It may supplement the furnace 
results to consider the effects upon the H and K lines of conditions 
which are perhaps the most pronounced in their ability to alter the 
spectra of the arc and spark respectively. These are the change 
from the core to the outer layers or “flame” of the arc, and the use 
of self-induction with the condensed spark. The changes brought 
about by these influences are well illustrated by Plate XXIII. Nos. 1 
and 2 are enlargements of prismatic spectra of the core and flame 
of the arc which were photographed by Dr. Olmsted in the Mount 
Wilson laboratory. The spectrograph was a Fuess instrument 
which gave very bright spectra, permitting short exposures, one-half 
second being used for the core and 15 seconds for the flame. A num- 
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ber of typical arc lines, such as the 4300 group and the series triplets 
at A 3624-44 and A 4426-55, are of nearly the same intensity in the 
two spectra. H and K are very much stronger in the spectrum from 
the core of the arc. 

Nos. 3 and 4 of Plate XXIII are enlarged from a portion of the 
spark spectrum of calcium photographed by the writer with a one-meter 
concave grating in the University of Bonn and discussed in a paper' 
published at that time. No. 3 was taken with the strongly condensed 
spark and No. 4 with self-induction in circuit. The relative strength- 
ening of H and K as compared to the arc lines by the stronger discharge 
conditions is very decided. The enhancement of the pair of “spark 
lines” at AA 3706, 3737 is still greater than for H and K. 

Discussion.—A line of reasoning which can perhaps be developed 
into a working hypothesis seems to follow from the fact distinctly 
brought out by the furnace experiments, that the H and K lines show 
a very definite behavior when compared with representative arc 
lines, such as the group near A 4300 and the series triplet at A 4426-55 
(shown on the plate with the previous paper?). These arc lines are 
of fair strength at a temperature just high enough for H and K to 
become visible. As the temperature rises, H and K increase in inten- 
sity (though without decided widening) much faster than do the arc 
lines, surpassing at the higher furnace temperatures the strongest lines 
of the A 4300 group (see No. 4 of Plate XXII). If this rate of increase 
is maintained at higher temperatures, the strength of H and K in 
the arc may easily follow. Although, as was remarked in the former 
paper, the difference between their intensities in the arc and furnace 
seems very large to be caused by the four or five hundred degrees’ 
difference in the measured temperatures of the furnace and the posi- 
tive terminal of the arc, we do not know even approximately the 
temperature which would correspond to the strength of the energizing 
influence in the arc which gives the light-vibration. To account on 
this hypothesis for the strong broadening of H and K when a large 
amount of calcium is used in the arc, we should have to assume 
that this increases the combined electrical and chemical action of the 


' Astrophysical Journal, 19, 225, 1904. 
2 Contributions from the Mount Wilson Solar Observatory, No. 32; Astrophysical 
Journal, 28, 389, 1908. 
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arc in a way that corresponds to higher temperature. The rapid 
increase of H and K when the furnace is operated in air shows to some 
extent how this may come about. It is then unnecessary to assume 
a dependence of H and K upon vapor-density, which in the furnace 
does not seem to hold. It is to be noted that the widening in the arc 
is a rapid shading-off from a strong central maximum, the intensity- 
curves for these lines being very different from that for 4 4227. In 
both are and spark the spectra in Plate XXIII show that the relative 
intensity of H and K increases rapidly with the strength of the dis- 


charge conditions and thus with the “electrical temperature.”’ 

H and K have long been regarded as having to some extent the 
character of “spark lines,” but the present work helps to bring out 
their relation to such typical “spark lines” as A 4481 of magnesium, 
AA 5339, 5379 Of cadmium, and AA 4912, 4925 of zinc. The H and K 
lines show the same ready response as these lines to changing condi- 
tions in the source, but the range of temperature for their production 
extends much lower. 

It seems reasonable to suppose that temperature, if forced suffi- 
ciently high, could supply the energy to produce those conditions of 
the spectrum which can be given, in terrestrial sources, only by the 
electric discharge. It may then be possible to select a list of lines 
whose strength, relative to other lines, will serve in some measure to 
indicate the temperature corresponding to the radiating energy of any 
light-source, which often, as in the flame and electrical sources, would 
not agree with any thermal measurements to be made with our present 
instruments. H and K would have their place in such a list as being 
lines which first appear when the average arc lines have reached a 
considerable intensity and are changing slowly with increased tem- 
perature. Having once appeared, H and K are apparently very 
sensitive through a long range of temperature and are reinforced for 
this purpose later by the group of typical “spark lines,’’ some of which 
require less energy of discharge for their production than others. 

A comparison with solar phenomena is of interest in this connec- 
tion. If the sensitiveness of H and K to increased temperature con- 
tinues at the solar temperatures, this would seem to be responsible 
in large measure for the great width of these lines in the spectrum of 
the body of the sun, their weaker condition in sun-spots, and their 
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appearance at high levels in prominences, where the rarity of the vapor 
should not greatly affect their intensity if the temperature is high. 

Passing to stellar spectra, it may be said in general that H and K 
are strong in the spectra of those stars which show strong ‘spark 
lines.” These are the hotter stars if the “‘spark lines” furnish a valid 
basis of temperature classification. If their increase in intensity in 
some cases does not seem to be the same as for other “enhanced lines,”’ 
the possibility remains that H and K may lose their sensitiveness to 
some extent at extremely high temperatures, in the same way that we 
have seen arc lines lose their ready response much lower down. 

Mount WILSON SOLAR OBSERVATORY 

April 1909 
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HIS study, which was made at the request 

of the Executive Committee of the Society, 

and published after their critical examina- 
tion, and upon the approval of three medical 
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parts. The first part is chiefly medical and 
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personal hygiene and training, the influence of 
ideal interests, the principles of formal instruc- 
tion in relation to sex—its necessity, difficulties 
and methods. 


Part I, 75 pages, 8vo, paper; net 75c, postpaid 78c 
Part II, 100 pages; net 75c, postpaid 80c : : : 
Address Dept. P. 


The University of Chicago Press 
CHICAGO NEW YORK 


Industrial Insurance 
in the United States 


HIS book, revised and enlarged for the English- 
fs speaking public, has already been published in a 

German series. The introduction contains a 
summary of the European laws on workingmen’s in- 
surance against accident, sickness, invalidism, and old 
age, with statistics to 1908, The text describes the 
various forms of social insurance known in the United 
States and Canada; local clubs and associations, fra- 
ternal societies, trade union benefit funds, schemes of 
large firms, corporations, and railways, One chapter 
is directed to labor legislation and another to employ- 
er’s liability laws, Illustrations of the movement are 
given in chapters on municipal pension plans for 
policemen, firemen, and teachers; also the military 
pensions of the federal government and southern states, 
The appendix supplies bibliography, iorms used by 
firms and corporations, text of bills, and laws on the 
subject. 


448 pages. 8vocloth. Price, $2.00 net; postpaid, $2.19 
Published by 


The University of Chicago Press 


CHICAGO NEW YORK 
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The perfection of 


American Manufacture. 
SOLUBLE 
DIGESTIBLE 


Imported Cocoas 


are higher in Price than those of 
American manufacture. The fact 
that our Government collects a 
Heavy Duty on the same does 
not improve the QUALITY, but 
only increases the PRICE. 


COCOA 


—— CHOCOLATES 
SOLD EVERYWHERE IN 10¢15¢ &25¢ CANS. 


STYLE 
NEATNESS 
COMFORT 


THE IMPROVED 


BOSTON 
GARTER 


“SRG The Name is stamped on 
every loop— Be sure it’s there 


CUSHION 
BUTTON 


CLASP 


LIES FLAT TO THE LEG—NEVER 
SLIPS, TEARS, NOR UNFASTENS 


WORN ALL OVER THE WORLD 


Sample pair, Silk 50c., Cotton 25c. 
Mailed on receipt of price. 


THE 


The Function of Religion in 
Man’s Struggle for Existence 


By GEORGE BURMAN FOSTER 


POPULAR embodiment of reconstructive 
religious thought. The book traces the 
evolution of religion from its past physical and 
intellectual interpretations to the voluntary and 
intuitive concepts of modern psychology. It is 
designed especially for young men and women 
to whom knowledge of science and of the higher 
criticism has made a new philosophy essential. 
The author lays stress upon the enduring quality 
of religion. He writes in a style of peculiar 
power and expresses so well the trend of 
present-day religious thought that his work will 
appeal to students of philosophy everywhere. 


3706 pages 16mo,cloth net $1.00 $1.10 postpaid 


ADDREss Dept. P 


The University of Chicago Press 


CHICAGO NEW YORK 


BAUSCH & LOMB 
NEW OPAQUE PROJECTOR 


AS been made in response to the demand for 

a reliable instrument for the projection of 
opaque objects. It is not a toy, but a scientific 
apparatus projecting with brilliancy and even 
illumination and sharp definition pictures 4 x 414" 
to distances up to 75 feet, dependent upon the lens. 


@ Projection by direct or reflected light at will. Price of ap- 
paratus complete, with lens of ten inch equivalent focus, $70. 
@ We have also a new combined opaque‘and lantern slide 
projector in which the change from one form of projection to 
the other can be easily and instantaneously rte ag 

@ Descriptive circular on request. 


@ PRISM is our little lens expositor. Send for Copy D, free 


on request. 

Our Name on a Photographic Lens, 
Microscope, Field Glass, Laboratory Ap- 
paratus, Engineering or any other Scien- 
tific Instrument is our Guarantee. 


Bausch £7 lomb Optical ©. 


WEW YORK WATSHINCTON CHICAGO SAN FRANCISCO 


LONDON ROCHESTER. NY. FRANKFORT 5 


> 
| Liner? GEORGE FROST CO., Makers 
Boston, Mass., U.S.A. 

INSIST ON HAVING THE GENUINE ie 
REFUSE ALL SUBSTITUTES 
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DENTACURA 


Tooth Paste 


Cleanses the teeth, hardens the gums, and 
perfumes the breath. It differs from the ordi- 
nary dentifrice by destroying the harmful bac- 
teria in the mouth, thus minimizing the causes 
of decay. Endorsed by thousands of dentists. 
In tubes, deliciously flavored and a delightful 
adjunct to the dental toilet. Sample and 
literature free. 


Dentacura Tooth Powder 


is now offered to those who prefer a denti- 
frice in form of powder. For sale at best 
stores everywhere or direct. 

Price’ 25 cents for either 


Dentacura Company, 265 Alling St., 
Newark, N. J. 


is an excellent thing to 
have, but it is terribly out of 
place in a Lead Pencil. An 
unevenly graded pencil is an 
abomination and should not 
be tolerated for a moment. 
You may use any pencil you 
like, but is it not better to 
like the pencil you use? 

On receipt of 16c in stamps 
samples will be sent you of 
the best pencils that are made 
in this or any other country. 


Joseph Dixon Crucible Co. 
Jersey City, N. J. 
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“HUMBUG MEMORY SCHOOLS EXPOSED” 
AND ADDRESS ON DEVELOPMENT OF THE 


To introduce a series of valuable 
educational works, the above 
will be sent to all applicants 


MEMORY LIBRARY 
14 Park Place, New York 


THE ELEMENTARY SCHOOL TEACHER 


Edited by the Faculty of the Elementary School of the 
University of Chicago. Published monthly, except in 
ey and August, with illustrations. Subscription price, 

1.50 a year; single copies, 20 cents; foreign postage, 
46 cents 


THE UNIVERSITY OF GHICAGO PRESS york 


S. D. Childs & Co. 
200 Clark Street, Chicago 
COPPER-PLATE ENGRAVERS AND PRINTERS 


Wedding Invitations, Announcements 
Fine Correspondence Stationery 
Crests, Monograms, Address Dies 
Stamping and Illuminating 


CORRESPONDENCE SOLICITED 


Genuine Mennen’s Borated 
Talcum Toilet Powder 


Mennen’s Borated Talcum Powder lays claim 
to being the most perfect powder on the market 
both in materials and method of manufacture. It 
is the oldest of Talcum Powders put up for general 
use, and has established itself on its merits in every 
quarter of the civilized world. 

‘The woman who buys Mennen’s for toilet use or 
any other purpose may rest assured that she is 
getting the purest and most perfect powder that 
chemical knowledge can originate or skill manu- 
facture. 

There is a difference in Mennen’s and those who 
have once used it are quick to appreciate that this 
difference is a difference of superiority which is 
easily perceived in comparison with any other 
powder. 

Some people may say: The same ingredients 
are open to everybody, why can’t others get the 
same results and produce a perfect powder ? 

Ask the woman who is famous for her cake why 
Mrs. Brown working with the same recipe can’t pro- 
duce the same article. She has the same ingredi- 
ents, the same directions for making and yet she 
can’t make good cake. It is this knack, this touch 
of skill and genius which makes the difference 
between all original productions and imitations. 
It is this same genius which makes Mennen’s original 
Talcum Powder superior to every other. 6 
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MADE IN 150 STYLES 


Fine Points, Ar, 128, 333 
Business, 048, 14, 130 
_ Broad Points, 312, 313, 314 
Turned-up Points, 477 
531, 1876 


Esterbrook Steel Pen Mfg. Co. 


Works: Camden, N.J. 26 John St., N.Y. 


*Remington 


HE name which distinguishes the 
BEST Typewriter—the name which 
means Typewriter. 


The name which 
stands for the latest 
and greatest devel- 
opment in writing 
machines. 


See the new models MG 
10 and 11 4 


90000900) 


>>> 


The American 


Sociological Society 


PAPERS AND PROCEEDINGS OF 
THE THIRD ANNUAL MEETING 


Dec. 28—3c, 1908 
General Topic: The Family 


CONTRIBUTORS 


William G, Sumner, Charlotte Perkins Gil- 
man, Charles Zueblin, Prince A. Morrow, 
R. C. Chapin, Margaret F. Byington, 
Edward T. Devine, Charles Richmond 
Henderson, Kenyon L, Butterfield, D, Collin 
Wells, U. G. Weatherly, George Elliot 
Howard, James E, Hagerty, George K, 
Holmes. Many other noted people took part 
in the discussions, which are all reported, 


226 pages, 8vo, paper; net $1.50, postpaid $1.00 


Address Department P 


The University of Chicago Press 


Chicago New York 


FINE INKS ADHESIVES 
For those who KNOW 


Drawing Inks 
Eternal Writing Ink 
Engrossing Ink 


Taurine 
Photo Mounter ite 
Drawing Board Paste 
Liquid Paste 

aste 
Vegetable Glue, Etc. 


Are the Finest and Best Inks and Adhesives 


Emancipate yourself from the use of corrosive and 
ill-smelling inks and adhesives and adopt the Hig- 
gins Inks and Adhesives. ‘They will be a 
revelation to you, they are so sweet, clean, well 
put up, and withal so efficient. 


At Dealers Generally. 


CHAS. M. HIGGINS & CO., Mfrs. 
Branches: Chicago, London 


271 Ninth Street. Brooklyn, N. Y. 


Higgins’ 
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Lf Where the N. E. A. meets 
> this summer. 


Go to Denver—attend the meeting of 
the N. E. A.—and spend the ensuing 
vacation weeks among the cool Colorado 
Rockies and beyond. 


Climb mountains, fish, hunt, golf, motor, 
ride, tramp, explore strange places, live in 
the open, absorb the sunshine. 


All this and more can be done, and at very 
small expense. ‘The Santa Fe has arranged 
low fare excursions costing only $30 from 
Chicago, $25 from St. Louis, $17.50 from 
Missouri River. On these tickets you have 
until October 31 for final return. 


By. traveling via the Santa Fe you pass along 
the old Santa Fe Trail, so rich in border history. 
Also, you pass in review the Front Range of the 
Rockies, the most magnificent panorama of 
mountain scenery on the continent. 


While in the West, see it all. See the numer- 
ous mountain resorts, see the gorges, canyons, 
parks; but above all see the Grand Canyon of 
Arizona, it’s the greatest, most wonderful of all. 


Let me assist in planning your tour by mail- 
ing the Santa Fe ’og Summer books: 


**A Colorado Summer,” ““Vosemite,” 
“California Summer Outings,” ‘‘ Titan of Chasms’’(Grand Canyon). 


Also, special convention folders for N. E. A. at Denver. 


G. T. + Gen. Agt., 
A. T. & 8. F. Ry., 
105 Adams 8t., Chicago. 
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PRINGS 


ls a natural spring water bottled at the springs only. It has been be- 
fore the public for thirty-seven years and is offered upon its record of 
results accomplished. In Brzght’s Disease, Albuminuria, /nflammation of 
the Bladder, Gout, Rheumatism, and all diseases dependent upon a Uric 
Acid Diathesis, it has been tested by leading physicians at home and 
abroad. The testimony of these physicians and their patients — based 
| on actual clinical test and not on theory—tells our story. Are they 
not competent witnesses ? 


a DR. ALFRED A. LOOMIS, Professor of Pathology and Practical Medicine in the — 
, Medical Department of the University of New York, wrote: “For the past four years I 
have used BUFFALO LITHIA WATER in the treatment of Chronic Bright's . 
Disease of the Kidneys, occuring in Gouty and Rheumatic subjects, with marked 
benefit.” 


DR. G. A. FOOTE, Warrenton, N. C., Ex-President State Medical Society, formeriy 
Member of the State Board of Medical Examiners, and also of the State Board of Health: 
“In Bright’s Disease of the Kidneys | have in many cases noted the disappearance 
of Albumin and Casts under the actionof BUFFALO LITHIA WATER, which 
I regard as the most efficacious of known remidies in this distressing malady.” 

DR. JOS. HOLT, of New Orleans, Ex-President of the State Board of Health of Louis- 
tana, says: “I have prescribed BUFFALO LITHIA WATER in affections of the 
Kidneys and Urinary Passages, particularly in Gouty subjects in Albuminuria, and 
in irritable condition of Bladder and Urethra in females. The results satisfy me of 
its extraordinary value in a large class of cases usually most difficult to treat.” 

GRAEME M, HAMMOND, M.D.. Professor of Diseases af the Mind and Nervous 
System in the New York Post-Graduate Medical School and Hospital: “In all cases of 
Bright’s Disease I have found BUFFALO LITHIA WATER of the greatest 
service in increasing the quantity of Urine and in eliminating the Albumen.” 


MEDICAL TESTIMONY ON REQUEST 
¥ FOR SALE BY THE GENERAL DRUG AND MINERAL WATER TRADE 


BUFFALO LITHIA SPRINGS, VIRGINIA, 


BR Lithia Springs Water Co, 
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AWARDS 

EUROPE 
CAND 
AMERICA 
perfect food, preserves Cc 


health, prolongs life 


The Odoriess 
WALTER BAKER Ltd. Disinfectant. 
1 Established 1780 PORCHESTER, MASS. Sold by Druggists Every where 


foods absorb 

foul odors. 

Prevent this 
and sickness by 

Keeping in your 

refrigerator a 

sponge sprinkled 

occasionally with 

Flatts Chlorides, 


G0 0D HOUSEKEEPING: 
IN THE CONSTANE 


Mavé ocen estaviisned YUARS, By our 
PIA system of payments eve pe in moderate cir- 
can own a vose piano. We take old 
ments in exchang: and deliver the new piano 
in your home free of expense, Wine! for Catalogue D and explanations. 


VOSE & SONS PIANO CO., Boston, Mass. 
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